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INTRODUCTION 
The establishment of prairie species has been the subject of con­
troversy almost from the time of the first settlement of the prairies 
(Shimek 1925; Anderson 1935). The early argument was that prairie could 
not be restored once the sod was broken. The other side of the argument, 
that prairie was capable of restoring itself after disturbance, became 
popular somewhat later. 
Host investigations relating to the restorative capabilities of 
prairies have been of a practical nature, often related to grazing or 
erosion control. The work of Dr. J. E. Weaver and his students at the 
University of Nebraska has greatly contributed to our knowledge of the 
prairie community. The work on recovery from severe drought was es­
pecially thorough. However, few studies have been made of prairie 
restoration on land which has been completely stripped of its original 
prairie vegetation. Where research has been done it usually has been 
concerned with the dominant grasses, and forbs (non-grassy herbs) have 
been largely ignored. 
Those who have established artificial prairies, such as that at the 
University of Wisconsin Arboretum, have been most concerned with the 
overall results, and performance of individual species and success of 
various cultural methods have not been rigorously followed. It was 
felt that more information on individual species was needed, especially 
for some of the more important forbs, both to understand the dynamics 
of recovery from disturbance in the prairie community, and to more 
accurately predict the behavior of prairie species in reconstruction 
projects. 
Therefore, the present suudy has been directed toward obtaining 
n:ore information on germination, on response to various competition 
levels in field establishcent by seeding, and on the behavior of various 
species in sod and seedling transplants. 
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REVIEW OF LITERATURE 
General 
Establishment of prairie species has most often been studied in 
connection with the invasion of disturbed areas such as roadcuts or 
cultivated and grazed farmland after abandonment. Shimek (1912, 1925) 
studied the revegetation of several railroad rights-of-way. One such 
study area was located south of Wilton Junction, Muscatine County, Iowa 
(Shimek 1925). Undisturbed prairie remnants on and adjacent to the 
right-of-way served as sources of propagules which successfully spread 
in 70 years to disturbed areas including cuts and fills along the road­
bed. One hundred and fifty-seven species were recorded in the intact 
prairie remnants. Of that group 112 were established on the restored 
prairie along with 12 additional species. 
Shimek (1925) also studied the return of prairie species to abandoned 
cultivated land in Mason City, Iowa, during a period of 15 years. Ad­
jacent, unplowed prairie furnished propagules. After five years the 
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strip was dominated by Aster spp. and Solidago rigida, and in ten more 
years the disturbed area contained 52% of the adjacent prairie species. 
Another study in Iowa of reinvasion of prairie species was begun 
by Anderson (1936) at the Iowa Lakeside Laboratory, Dickinson County. 
Permanent plots were laid out on a 60 acre tract which had been heavily 
grazed prior to purchase by the Laboratory in 1930. Ten years after the 
^Nomenclature mostly after Gleason and Cronquist (1963). 
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initial paper Anderson (1946) reported little progress toward establish­
ment of prairie. A later study in 1950 (Rudaan and ?ohl, 1951) showed 
Poa pratonsis still dominant in every plot and no significant increase in 
prairie species in frequency or cover. The dense mat of dead leaves of 
goa pratensis was thought to be the chief deterrent to further establish­
ment of the prairie species present. 
Several studies were made following abandonment of cultivated fields 
in the great plains region, especially following drought in the 1930's. 
A sequence of stages was identified in which early invasion was domina­
ted by weedy annuals and then perennials. Later stages were character­
ized by domination of short-lived perennial grasses, i.e. Aristida, and 
finally climax prairie species. The length of time each stage dominated 
increased from 3-5 years for the annual weed stage to 10-35 years in the 
Aristida stage (Booth 1941; Costello 1944). 
Grazing has been found to have considerable influence on the rate 
of establishment of prairie species. After 33 years of abandonment a 
field protected from grazing had 53.1% of prairie composition while a 
grazed portion of the same field had 27.8% of prairie composition (Tomane 
Albertson, and Riegel 1955) using an evaluation method by Dyksterhuis 
(1949). Grazing favored Buchloe dactyloides while Bouzeloua curtipsndula 
and 3. gracilis were more prominent in the ungrazed portion. Andropogon 
gerardi and A. scoparius were found only in the ungrazed portions 
(Tomenek _e^ 1955) . 
A comparison of natural and mechanical seeding indicated the impor­
tance of seed availability and planting procedures for establishment. In 
Kansas, Riagel (1944) showed that three years after seeding, a planted 
grassland exceeded in basal cover an adjacent field which had been 
abandoned 24 years earlier. In another study (Cornelius 1S44), a seeded 
plot, after 2 years, equaled in basal area an adjacent plot protected 
frorû grazing for IS years while being naturally revegetated froni a 
windward fence row of prairie grasses. 
Recovery of prairie frorr. natural disaster, that of drought, has been 
studied intensively, especially in Nebraska and surrounding states. Suc-
cessional studies included an extensive review on recovery zroz droughc 
(weaver and Albertson 1944) . In Iowa prairies Coreopsis paIrr.ata, Aster 
ericoides and Sporobolus heterolecis increased in abundance at the ex­
pense of former dominants. During recovery Andropogon ^erardi returned 
more rapidly than A. scoparius. Sporobolv.s heterolepis and Stipa spartea 
were more prominent after than before the drought. Seedlings played an 
important part in the spread of many species during recovery. 
In another Nebraska study (Weaver 1954a) followed recovery from 
drought on a strip of formerly pastured land adjacent to a native 
prairie. Ivhen the pasture came under protection, the composition of the 
dominant grasses was approximately 50% Poa pratensis and 50% Andropogon 
spp. During the drought years Sporobolus crvptandrus increased in impor­
tance with Bouteloua curtipendula increasing later. In the 13 years fol­
lowing the drought, Ancropogon scoparius returned to dominance in the 
upland areas and A. gerardi and Poa pratensis shared in dominance of the 
lower slopes. Forbs ware slow to move into the area, the first two 
species being Petalostemon candidum and Psoralea agrophylla. 
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Attempts to establish an artificial prairie have extended over the 
past 30 years at the University of Wisconsin Arboretum (Greene and Curtis 
1953; Cottam and Wilson 1966). Introduction of prairie species by means 
of sod transplants and seeds under various management schemes with empha­
sis on burning have produced a prairie which resembles native prairie 
relicts. EovTever, the artificial prairie is richer in species due to 
the persistence of introduced weedy species (Cottam and Wilson 1966). 
Germination. 
Germination of seeds is certainly an important phase in the establis 
ment of plants. Feu references are available on germination of prairie 
species except for several of the prairie grasses. Those grass species 
which have been used widely in range reseeding in the great plains have 
been studied extensively. However, very few of the forbs have been 
adequately studied. 
Over a period of several years more than 50 prairie species were 
used in germination trials (Clements and Weaver 1924). This early study, 
although not quantitative, gave low germination values of 10-15% for 
the most part, \-7ith wide fluctuations from year to year. As part of the 
Soil Conservation Service work in planting for erosion control in the 
1930's, several prairie species were investigated, especially Amoroha 
canescens and A. fruticosa (Swingle 1939) . 
The importance of environmental influences on seed germination was 
investigated by Nichols (1934). The effects of winter temperatures on 
more than 200 species, almost all from the northeastern part of the 
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United States, ware studied. Subjection to cold temperatures was neces­
sary for germination of 16.3%, beneficial for 31.5%, without effect on 
59.7%, and detrimental to the germination of 12.1% of the species tested. 
Other conditions, including stratification were studied by Blake 
(1935). Generally seeds showed a seasonal response in the amount of 
dormancy with greater germination in spring and fall. Dry-frozen seeds 
generally germinated better than those unfrozen, and stratification in­
creased germination even more, especially for forbs. Weather conditions 
during flowering and seed set appears to affect subsequent germination 
and to account for differences in germination between annual harvests 
of seeds. Below normal temperatures and above normal rainfall appeared 
to increase subsequent germination while drought lowered germinability. 
Germination response can also be correlated with habitat require­
ment. In the Nebraska sandhills pioneer species in blow-outs did not 
require stratification while those invading after stabilization required 
or were favored by stratification (Tolstead 1941). 
As part of the prairie establishment project in the University of 
Wisconsin Arboretum, 91 prairie species were tested for germination 
(Greene and Curtis 1950) . Much of the work was concerned mth the ef­
fects of stratification although germination differences between yearly 
seed crops of several species, and the effects of scarification on 
several species, were also tested. Considerable agreement was found 
VTith the data of Nichols (1934) , Slake (1935), and Tolstead (1941) in 
percentages of species requiring or being favored by stratification. 
The literature on germination of prairie grasses is voluminous and 
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scattered. A comprehensive treatment of the more important species in 
range reseeding was published by Wheeler and Hill (1957), Ballard (1964) 
furnished a large bibliography concerning germination with special 
reference to grasses. Generally the germination of grasses is similar 
to non-grasses in germinating at low percentages. 
Establis hme nt 
The establishment of prairie species from seed has been studied to 
a limited extent in natural prairie and extensively in seeding experi­
ments. Most of the natural establishment work has been done in Nebraska. 
In studying the role of seedlings in recovery of vegetation from drought. 
Weaver and Mueller (1942) attempted to determine the potential seedling 
production of prairie soil. They collected surface soil samples 0.5 
inches deep from numerous one foot square plots, spread it on greenhouse 
benches and recorded the number and species of the resulting seedlings. 
From samples obtained in southeastern Nebraska at nine stations, an 
average of 84.1 grass seedlings and 92.5 forb seedlings per square foot 
sample were counted. Although not reported quantitatively, mortality 
of seedlings observed in the field studies was high, especially if 
drought was severe. Earlier, Steiger (1930) had surveyed seedling oc-
•currence on native Nebraska prairie in spring and early summer and ob­
served only 93 seedling in 100 one-foot square plots. No record was 
kept of subsequent survival. 
Removal of 20 square feet of prairie sod in flats to the green­
house each of 4 years yielded seedlings of 22 species of grasses and 
51 specics of forbs (Blake 1935). This was a far greater number than 
observed in similar areas in intact prairie. Permanent establishment 
in intact prairie was seldom observed because seedlings were competing 
with established vegetation for light and soil moisture (Blake 1935). 
Seeds of 17 species of grasses and 30 species of forbs planted two 
different years in intact prairie produced seedlings, but almost all 
had died by the end of the first growing season and none became permanen 
tly established (Slake 1935). Obviously many seeds are present near the 
soil surface but few germinate and even fex-zer survive (Steiger 1930; 
Weaver and Mueller 1942; Blake 1935). 
Prairie species, especially grasses, have been widely planted for 
erosion control and forage. Several dominants from tali and mixed prair 
were tested for sultabilityas interplantings between cultivated strips 
on contour plowed hillsides in southeastern Iowa (Boyd 1942). A mixture 
of mid-grasses including Bouteloua curtipendula and Andropogon scoparius 
produced the greatest basal area on both moderately and severely eroded 
slopes and after two years was comparable with basal area of intact 
prairie. At the same experiment station Aikman and McDermott (1943) use 
tall grass prairie dominants as interplantings between trees on erodable 
slopes. Basal area of Andropogon gerardi, A. scoparius, Sorghastrum 
nutans and Panicum virgatum, after 4 years of growth, was comparable wit 
intact prairie. Elymus canadensis and Sporobolus heterolepis were not 
studied as intensively, but plot tests indicated they would also produce 
adequate cover to be of value in controlling erosion. Stipa spartea 
became established but produced little ground cover. 
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In Kansas, prairie grasses have been successfully established for 
use in grazing (Cornelius 1946; Cornelius and Atkins 1946). At least 
three years were required to produce a stand capable of being grazed 
•^d-thout damage. Adequate moisture during April, I-lay, and June was most 
critical for successful establishment. Other studies of seeding native 
grasses include those of Hyder, Sneva and Sawyer (1955), Anderson (1956), 
Douglas, Hafenrichter and Xlages (1960) and Owensby and Anderson (1965). 
Research by several workers has shox-m that over-seeding of range 
land is most successful if the site has been disturbed by mechanical 
means or other reduction of plant cover (Hcllvanie 1942; Robertson and 
Pearse 1945; Heady 1952). Over-seeding following burning has also been 
successful (Stoddart and Smith 1943; Pearse, Plummer and Savage 194S; 
Greene and Curtis 1953). 
Considerable work has been done on seeding highway backslopes in 
loxja (Kulfinski 1957; HcDill 1961). Native grasses which responded best 
to back slope seeding were AndroT?ogon scosarius, Boute loua curticendula, 
Panicum virgatum and Soorobolus cryptandrus (Kulfinski 1957). Cover 
crops (companion crops) were considered to be detrimental to establish­
ment of both grasses and legumes at medium and high nutrient levels. A 
thorough survey of the literature was given by Kulfinski (1957). 
Both grasses and forbs were used in experimental vegetation research 
carried out by Clements and Weaver (1924). Various levels of competition 
were achieved by surf,.ce sov/ing, planting into linear cultivated plots 
10 cm mde, and rectangular cultivated plots 40 x 76 cm in size. Complete 
records were not presented for each species planted but percent of species 
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germinating and percent of plants surviving after four growing seasons 
were given. Data from high and low prairie stations at Lincoln, Nebraska 
showed that percentages of species germinating with surface sowing was 
only slightly less than linear and rectangular plots and little difference 
occurred between high and low prairie stations. Of the species planted 
64-55% germinated. Survival of plants in surface sowing was 20-24%, 
in linear plocs 51-607» and in rectangular plots 72-78%. After three 
growing seasons 9% of the plants survived in the surface sova.ng treat­
ment, 27-31% in the linear plots and 40-44% in rectangular plots. Only 
small differences were noted between high and low prairie in percent 
survival at the end of the first grovTing season. Competition for light 
and soil moisture was considered to be the most important limiting factor 
being most severe in surface sowed plots and least severe in rectangular 
cultivated plots. 
Little information is available concerning forb establishment. Some 
studies have been carried out comparing various plantings in erosion con­
trol, and some of these studies have included native forbs, especially 
legumes. In Missouri establishment of Cassia fasciculeta and Lesnedeza 
virsinica have been compared on eroded and unsroded sites (Harris and 
Drew 1943). Water availability and soil texture were considered the 
important factors in establishment. In southeastern Iowa, Brewer (1947) 
used both native and introduced legumes in revegetation studies. After 
one year the percent of foliage cover provided by several native legumes 
was : Cassia fasciculata, 62% (annual); Desmodium sp., 25%, Lathvrus 
venosus, 2% and Lespedeza caoitata, 22%. 
Sod Transplants 
The use of sod fragments as a means of establishing prairie species 
has been reported infrequently in the literature. Reciprocal transplants 
of prairie species between several habitat stations were raace by Clements 
and Weaver (1924). At the end of four years species survival was 87% 
at the high prairie station and 50.8% at the low prairie station. The 
appropriateness of this experiment to prairie establishment is question­
able since many species were transplanted into habitats to which they 
were not suited. 
A method for measuring vigor of range grasses was developed by 
Weaver and Darland (1947) using sods transplanted into deep soil boxes. 
Measurement of subsequent root and shoot growth constituted a satisfac­
tory measurement of vigor. Sod fragments of prairie grasses have also 
been used in studying ecotypic variation within several prairie species 
(McMillan 1964; Porter 1966). 
Root systems of many prairie forbs were classified by Weaver • (1958) 
and Coupland and Johnson (1965) into four types based upon depth and 
branching patterns. In the Aster ericoides type a rhizome system de­
velops. The Liatris punctata type included species with moderate branch­
ing but with few fine branches and little water absorption in the upper 
part of the root system. The Echinacea pallida type has a deep, sparsely 
branched tap root with water absorbing capacity throughout its length. 
Species in the Gutierrezia sarothrae group have extensive branching and 
many fine roots in the upper part of the soil profile. 
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Seedling Transplants 
The setting out of prairie species froa pots or other containers 
has been studied only superficially. Seedlings started individually in 
clay pots ware set out in the spring in linear cultivated plots in intact 
prairie by Clexsnts and Weaver (1924). At the end of the first year 
survival was 54% and 68% for high and low prairie respectively. 
At the Morton Arboretum, Lisle, Illinois, many prairie species 
have been started in wooden bands and set oup in the spring.^ Under 
intensive care establishment has been very successful. 
Suitable containers in addition to wooden bands include peat pots 
and plastic bags (Hartmann and Kester 1959). ïîonjauze (1955) found 
plastic bags up to 50 cm in length suitable for the study of root de­
velopment of seedlings and presumably also suitable for the rearing of 
transplants. Bands of newsprint 3/4" x 3/4" 3 1/4" were used to 
transplant grass seedlings by XcAlister (1943). 
^Schulenberg, Raymond. Morton Arboretum, Lisle, Illinois. Trans­
planting of prairie seedlings. Private communication, 1966. 
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METI-IODS AND MATERIALS 
Selection of Species 
Species used in this study were selected according to several 
criteria. 
1. Availability of seedsAll seeds were hand collected in 
Iowa with two exceptions. Seeds of Silphium integrifolj.u~ 
and some seeds of Desmodium illinoense were collected at the 
University of Wisconsin Arboretum, Madison, Wisconsin. 
2. Suitability of species: Only those species were used 
which are now found in Iowa and accepted by several authors 
as prairie species. Prairie species lists used as guides in­
cluded Shimelc (1911; 1925), Curtis and Greene (1949), 
Conard (1952), Moyer (1953), Weaver (1954b), and Aikman and 
Thome (1956) . 
3. Representative flora: Host species were selected from 
the major plant families in the prairie flora (Hoyer, 1953) 
plus representatives of minor families. 
Seed Processing 
After collection, seed materials were brought to the laboratory 
where they were air dried. After drying, seeds were threshed out by 
hand using a rubbing box lined with corrugated rubber. Cleaning of the 
seeds consisted of screening, and blowing t-Tlth a "South Dakota Blower" 
^As used herein, "seeds" refers to disseminules including seeds in 
the botanical sense plus those having attached fruit parts and bracts. 
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to remove chaff and light seeds. Cleaned seeds v;are stored at room 
temperature and fumigated for several weeks with para-dichlorobenzene. 
Seeds which were stratified ware counted and placed in several grams of 
moist soil in a loosely closed plastic bag. The stratification te..ipera-
ture was approximately 5 C. All legume seeds were scarified by rubbing 
between sheets of 100 grit aluminum oxide cloth (Brewer 1947). In some 
experiments certain other species with hard seeds were scarified by the 
same methods (Greene and Curtis, 1953). 
Germination 
Most germination studies used steam-treated greenhouse soil in 12" 
by 18" flats. In the 1965 trials, lots of 50 seeds were scattered on 
a compacted seed bed and screened soil spread over to a depth of 0.5 cm. 
This top dressing was compacted, and a light covering of dried, screened, 
sphagnum moss was added. Flats were then watered liberally vrLth a fine 
spray, allowed to drain to field capacity, and placed outdoors. Flats 
were covered with several thicknesses of cheese cloth to prevent entry 
of foreign seeds. Flats remained outdoors from approximately 1 January, 
1965, until termination of the experiment in June 1955. At the first 
sign of emergence of seedlings in the spring the cheese cloth was re­
moved and replaced by wire netting supported above the flats. This 
prevented entry of animals but had little effect on the microclimate. 
Tooth picks were placed adjacent to each seedling as it was recorded 
(Blake 1935; Christiansen and Landers 1967). 
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Trials in 1966 were conducted in the sase manner with the excep­
tion of the method of planting. After leveling and compacting the soil 
in the flat, furrows were made and seeds were scattered in the furrows. 
The seeds were covered by closing the furrows, and the soil was firmed 
over them. 
Miscellaneous germination experiments were conducted by other means. 
Several germination trials were conducted in pots in the greenhouse. 
Steam-treated soil was compacted at the surface, and seeds were added 
and covered with up to 0.5 cm of soil depending on the size of the seeds 
(Clements and Weaver 1924). A light application of sphagnum moss was 
added, and the pots were placed in a greenhouse with temperatures be­
tween 15 and 20 C. Other germination experiments were made using facili­
ties of the Iowa State University Seed Testing Laboratory, Ames, Iowa. 
Seeds were scattered on moistened blotters in petri dishes and placed in 
germinators where various temperature regimes were maintained. 
Field Establishment 
Field trials of establishment from seeds were conducted in 1965 and 
1966. The experimental area was located in the Ash Avenue Experimental 
Plots in Ames, Iowa. The soil was Webster silty clay loam, and the plot 
had previously been cultivated for many years. 
The experimental area had been plowed in the fall of 1964 and was 
seeded to winter wheat in the spring of 1965. Preparation of the area 
for seeding of prairie species included removal of large clumps of soil 
with a garden rake and the removal of the cover crop of winter wheat 
from part of the area vrluh a garden hoe. Seeds were stratified from 
5 March, 1965, until planting on 12-14 I'lay, 1965. Each lot of seeds, 
usually 50 seeds per lot, was scattered along with the soil in which it 
was stratified into a 20 x 50 cm plot. After marking one corner of the 
plot with an embossed aluminum tag, screened top soil was scattered over 
the plot to a depth of approximately 0.5 cm. The soil was then com­
pacted (Figure 1) . 
All species ware planted in each treatment and most were replicated 
three times. The same species layout of planting was used for all 
treatments and replications. 
Various treatments were implemented by keeping one treatment weed-
free by hand weeding, eliminating the cover crop from two treatments, 
and allowing the cover crop to remain in two others. One treatment with 
cover crop and one without cover crop were mowed at about 15 cm in 
height, late in June. This resulted in five treatments which will here­
after be referred to as 1) weed-free, 2) weedy, 3) weedy-mowed, 4) cover 
crop, 5) cover crop-mowed (Figure 2). A slight slope appeared to produc 
a soil moisture gradient at the surface within the experimental area. 
The 1966 establishment criais were carried out in the same area. 
The area was plowed in the fall of 1965, plots were laid out and lumps 
of soil removed with a garden rake in the fall. 
Seeding procedure was modified from the previous year by making 
three shallow, parallel furrows 30 cm long and 10 cm apart for each 
species. The area occupied by each species approximated 30 x 30 cm. 
Figure 1. Planting 1955 establishment plots. Quadrat size is 
50 X 20 cm 
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Figure 2. Layout of 1965 establishment plots. Treatments in the fore­
ground are weed-free. Weedy, weedy-mowed, cover crop, and 
cover crop-mowed treatments appear in that order in the back­
ground. June, 1965 

After placing the seeds, the furrow was closed and compacted by hand. 
An embossed aluminum tag located each plot. 
Pall and spring plantings were ir.ade with and without a cover crop, 
using a factorial design. Four treatments resulted and will be here­
after referred to as 1) fall-cover crop, 2) fall-weedy, 3) spring-cover 
crop, and 4) spring-weedy. Forty species were used in each treatment 
throughout the experiment. The placement of species was randomized 
within each treatment as was placement of treatments within each block. 
Three blocks were set out and arranged VTXth respect to slope. 
Fall planting was done during the first week of November, 1965. 
Stratification of seeds for spring planting was begun 1 January, 1966. 
Prior to spring planting, plots were cultivated with a garden cultivator 
and smoothed with a garden rake. Spring planting in block 1 was done 
26 April, 1966, and in blocks 2 and 3 on 1 I-Iay, 1966. After spring 
planting was completed, seeds of Avena sativa ware scattered in the 
spring and fall cover crop treatment plots at the rate of about 250 
seeds per square meter. 
Counts of seedlings were made twice during each year. An early 
count was made early in July and a late count t.'as made in mid-September.. 
Measurements of height and flowering were a_so made at the late count. 
The tallest plant in each plot was measured. 
Seedlings were recognized by comparison with seedlings from 
germination studies and weeded plots in the area of the study. Pressed 
specimens of many species were available for comparison. Specimens of 
several species were mounted on S% by 11" herbarium paper and then 
covered with transparent, adhesive plastic affording protection without 
sacrificing clarity (%eal 1963; Landers and Christiansen 1967). 
After the first growing season, presence was noted for each species 
in each treatment. Checks were oade in >Iay or early June and in Septem­
ber. Some plots from the 1965 planting were destroyed by root excava­
tion studies in September, 1966, and were not available for further 
study. 
Two other establishment experiments were begun in the spring of 
1966. In one, forty species were planted in single species plots and 
in a mixture. Both treatments were planted in furrows as described 
above. Each planting was made with and without a cover crop. Counts 
of seedlings were made in mid-September, 1966. There was no replication. 
In the second experiment seeds of forty species were scattered 
into ashes remaining after weeds and soybean straw had been burned on 
the plot. In one treatment seeds were mixed before surface sowing. In 
the other, seeds were scattered in single species plots. Counts of 
seedlings were made in mid-September, 1966. There was no replication. 
Root excavation studies were made on most of the species in the 1965 
plantings. Comparisons were made of root systems of plants gro\fn in 
weed-free and weedy treatments. A back-hoe was used to dig a trench about 
1 meter deep between two replications of the two treatments (Figure 3). 
Soil was separated from roots with an ice pick. After the main root 
system and some of the lateral roots had been exposed the roots were 
sprayed with a white enamel paint from a portable pressurized spray can. 
gure 3. Back-hoe digging trench for root excavation studies 
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Soil behind the roots, to which paint adhered, was removed and photo­
graphs were r.iade (Kaas and Rogler 1953; Schultz and Biswell 1955). 
Sod Transplants 
Sods 25 cm in diameter and 10 to 15 cm in depth were removed from 
intact prairie relicts by means of a power cutter slightly modified from 
a design of Stranslcy and Bilan (1554) (Figure 4). The only departure 
from their design was the substitution of a sharpened, undulating cutting 
edge for the saw-tooth edge of their cutter. The cutter was attached 
to the drive chuck of a cractor-powered post hole digger. The weight 
of the apparatus was sufficient to force it into the sod when the cut­
ter was rotating. Sods were extracted from the cutter by forcing out 
by hand or by means of a wooden plate mounted within the cutter. 
Donor sites of sod transplants were the Boone Prairie described by 
Freckman (1967) and the Chicago and Northwestern Railroad right-of-way 
2 miles south of Ames, Iowa. 
In 1965 duplicate sets of 26 sods were set out in a plot dominated 
by Bromus inermis and in a cultivated plot seeded to winter wheat in the 
Ash Avenue area referred to above (Figure 5) . ïïo manipulation of either 
site was made following placement of the sods. Sods were cut and set on 
7 and S May, 1965. Holes no receive the sods were dug using the power 
cutter. Final shaping was done using a hand spade to assure maximum 
contact of the sod transplant with bottom and sides of the hole. The 
sods were pressed firmly into place and marked with a 12" pot label. A 
record was kept of species present and flowering in each sod. 
Figure 4. Sod cuzter and sod transplant, 
about 15 cm 
Depth of the transplant is 

Figure 5. Sod transplants shortly after being placed in the cultivated 
plot, i-Iay, 1965 
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In the fall of 1965 and spring of 19S6 sods ware cut at the above 
locations and set into 5ro"us inemis sod at the Ash Avenue plots. The 
site and numbers of sods cut at various tinies are as follows: Zoone 
Prairie, 13 ^ ovecber, 1965, 45 sods; Chicago and Aorthwestern RR, Aries, 
Iowa, IS Novecbar, 1955, 20 sods; 25 April, 1965, 43 sods; Boone Prairie, 
3 y^y, 1966, 22 sods. Sods were set within the savùe day in which they 
were cut. The sods were placed at intersections of a c;rid approximately 
1.5 ~i apart. 
Two treatments were applied to the sods. Approximately one-half 
were selected to receive cultivation and triirming of the Broxus sward 
around the sod. Cultivation was done with a garden hoe in a perimeter 
band 15 era wide immediately around the sod plug. The cultivation went 
to a depth of approximately 2-3 cm removing surface vegetation but 
leaving many roots and rhizomes intact at lower levels. The first cul­
tivation was in mid->!ay, 1956, and later cultivations were necessary at 
monthly intervals. Bromus inermis and other vegetation surrounding the 
selected sods was trimmed periodically to a height of 30 to 40 cm in a 
perimeter band 0.5 m wide. 
Measurements of height and flowering were made for each prairie 
species in each sod. Measurements were made at three different times: 
26-27 May, 21-23 July, and 7-13 October, 1966. All species were measured 
and recorded in the first reading, and species in flower or fruit were 
measured on subsequent readings. Species not flowering were measured 
on the reading following their normal flowering period. Presence only 
was recorded in May, 1967. 
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Seedling Transplants 
Seedlings for transplanting studies were obtained fron germination 
flats and transplanted individually to pots or plastic bags. They were 
allowed to become established while in the greenhouse, and set out in 
mid-sumxer or fall. 
In the 1955 experiment seedlings of 16 species were transplanted 
into one quart plastic bags filled with steam-treated greenhouse soil. 
After transplanting the seedlings into the bags, the bags were placed 
in flats in the greenhouse (Figure 6). Aluminum foil was wrapped around 
the contents of each flat to discourage algal growth within the containers. 
Seedlings were set out at the Littlefield Biological Research Area, 
1% miles south of Ames, Iowa. Planting times varied with development 
of seedlings and opportunity for transplanting. Thirteen species were 
set out becween 24 June and 7 July, 1965. The remaining three species 
were set out in September, 1965. 
The site was dominated by Pea pratensis with many weedy species 
present including Verbena stricta and Taraxacum officinale. The site 
sloped gently toward the south-west. 
In setting out the transplants a hole 7.5 cm in diameter was dug 
v/ith a soil sampler and trimmed by hand to accommodate the transplant. 
Just prior to placing the transplant, the hole was filled with water. 
The plastic bag was opened at the bottom of the transplant and removed 
as the transplant was placed in the hole. The transplant was pressed 
firmly into the hole and soil pressed around the transplant. The soil 
in the transplant bag was sufficiently moist and impregnated with roots 
Figure 6. Seedling transplants in one-quart plastic bags just prior 
to setting out, June, 1965 
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to maintain its integrity as it was placed in the hole. Measurements 
included presence and flowering in September, 1965, October, 1966, and 
May, 1967. 
Two groups of seedlings were transplanted in 1956. In late May 
seedlings of 50 species were transplanted into 3" round peat pots using 
steam-treated greenhouse soil. Transplants were transferred to a green­
house bench until early September, 1966 (Figure 7). 
These transplants were set out on 3 and 4 September, 1966, in 
Bromus inermis sod on a creek terrace. The location was SE%, SW%, 
Sec. 11, T-97N, R-18W, Mitchell County, Iowa. Before setting out, the 
existing cover was clipped to 7 to 10 cm in height and clippings were 
removed. Transplants were watered when set out, the following day, and 
two weeks later. Presence of each transplant was noted in May, 1967. 
The second group of seedlings were transplanted from germination 
flats to 4" round peat pots in late August. The transplants were trans­
ferred to a greenhouse bench until late September when they were set out. 
At this time the transplants were set out in Bromus and Poa sod at the 
Littlefield Biological Research Area. The site was near the top of a 
ridge and sloped slightly to the west. Transplants were watered when 
set out and at 3 day intervals for 2 weeks. Presence of each transplant 
was noted in May, 1967. 
Figure 7. Seedlings in 3" peat pots 1% months after transplanting, 
July, 1956 
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RESULTS 
Germination 
Flat germination, 1965 
In the spring of 1965 data were collected on the germination 
(emergence) of 21 prairie species overt-rintered in flats out-of-doors. 
First counts were made on 22 April, and these were continued at weekly 
intervals until 8 June. Data are presented as averages of three replica­
tions (Table 1). 
All the species in the Compositae which tested germinated 
well, from a high of 96% for Silphium laciniaturn to 18% for Solidago 
rigida. Representatives of the Gramineae were more variable. Sporobolus 
asper had the highest germination at 78% mth Slymus canadensis at 48% 
and Sporobolus herterolepis at 16.6%. Species germinating below 10% 
were Stipa spartea, Sorghastrum nutans, Andropogon gerardi and Spartina 
pectinata. Andropogon scoparius and Panicum virgatum did not germinate. 
Three other species germinating were Anemone cylindrica (24%), 
Asclepias verticellata (58%), and Ervngium yuccicolium (54%). Gentiana 
puberula and Rosa suffulta did not germinate. 
Flat germination, 1966 
Germination trials were made on 65 prairie species in 1966. More 
than one-half were in the Compositae and Leguminosae (Table 1). Within 
the Compositae four species germinating at 50% or above ware Echinacea 
pallida, Liatris aspera, Silphium laciniatum, and Solidago rigida. 
Species germinating below 10% were Aster laevis, Liatris pycnostachva, 
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Table 1. Percentage germination of prairie species in overwintered 
flats in 1965 and 1966^ 
1965 1966 
Gramineae 
Andropogon gerardi 
Andropogon scoparius 
Elymu'=: canadensis 
Panicum virgatum 
Sorghastrum nutans 
Spartina pectinata 
Sporobolus asper 
Sporobolus heterolepis 
Stipa spartea 
3.6 
0.0 
48.0 
0.0 
5.6 
0.7 
78.0 
16 .6  
7.6 
Compositae 
Aster ericoides 
Aster laevis 
Aster sericeus 
Cirsium flodmanii 
Coreopsis palmata 
Echinacea pallida 
Helianthus grosseserratus 
Helianthus laetiflorus 
Heliopsis helianthoides 
Hieracium umbellatum 
Kuhnia eupatorioides 
Liatris aspera 
Liatris pycnostachya 
Parthenium integrifoliim 
Ratibida pinnata 
Rudbeckia hirta 
Rudbeckia subtomentosa 
Silphium integrifolium 
Silphium laciniatum 
Solidago canadensis 
Solidago rigida 
44.0 
56.0 
60.0 
56.0 
70.0 
96.0 
18.0 
10.0 
5.3 
16.7 
42.7 
0 .0  
50.0 
40.7 
40.0 
43.3 
28.7 
29.3 
59.3 
0.7 
17.3 
30.7 
6.7 
4.0 
24.0 
76.0 
4.0 
61.3 
^All values are averages of 3 replications. 
40 
Table 1. (Continued) 
1965 1966 
Leguminosae 
Amorpha canescens — 0.0 
Amorpha fruticosa — 22.0 
Astragalus agrestis — 9.3 
Astragalus canadensis — 4.0 
Astragalus crassicarpus — 2.0 
Baptisia leucantha — 1.3 
Baptisia leucophaea — 10.0 
Dalea alopecuroides — 26.0 
Desmodiura canadense — 19.3 
Desmodium illinoense — 16.7 
Glycyrrhiza lepidota — 1.3 
Lathyrus venosus — 1.3 
Lespedeza capitata — 18.0 
Petalostemon candidum — 3.3 
Petalostemon purpureum — 9.3 
Asclepiadaceae 
Asclepias sullivantii — 36.0 
Asclepias tuberosa — 22.7 
Asclepias verticillata 58.0 
Eanunculaceae 
Anemone canadensis — 0.7 
Anemone cylindrica 24.0 6.7 
Delphinium virescens — 26.0 
Thalictrum dasycarpum — 10.0 
Rosaceae 
Geum triflorum — 38.7 
Potentilla arguta — 0.7 
Rosa suffulta 0.0 0.0 
Umbelliferae 
Cicuta maculata — 2.7 
Eryngium yuccifolium 54.0 11.3 
Zizia aurea — 24.0 
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Table 1. (Continued) 
1965 1966 
Others 
Ceanothus anericanus — 4.0. 
Dodecatheon meadia — 0.0 
Euphorbia corollata — 14.7 
Galium boreale — 0.0 
Gentiana puberula 0.0 
Helianthemum becknellii — 0.0 
Heuchera richardsonii — 0.0 
Iris shrevei — 0.0 
Linum sulcatum — 3.3 
Lithospermum canescens — 0.0 
Monarda fistulosa — 28.0 
Onosmodium occidentale — 1.3 
Pedicularis canadensis — 0.0 
Phlox pilosa — 34.0 
Polygala sanguinea — 0.0 
Veronicastrum virginicum — 0.0 
Yucca glauca — 32.7 
Rudbeckia hirta, R. subtomentosa, aud Solidago canadensis. Coreopsis 
palmata did not germinate. The average germination of all tested species 
in the Compositae was 26.8%. 
Species in the Leguminosae generally germinated at lower percentages 
than those in the Compositae. Dalea alopecuroides was highest at 26% 
followed by Amoroha fruticosa at 22%. Other species germinating above 
15% were Desmodium canadense, _D. illinoense and Laspedeza capitata. 
Species germinating below 2% were Baptisia leucantha. Glycvrrhiza 
lepidota and Lathvrus venosus. Amorpha canescens did not germinate. 
Average germination for all tested species in the Leguminosae was 9.6%. 
42 
Several species in other families germinated above 20%. These were 
Asclepias sullivantii, A. tuberosa, Delphinium virescens, Geum triflorum, 
Monarda fistulosa, Phlox Pilosa, Yucca glauca and Zizia aurea. Species 
germinating below 2% were Anemone canadensis, Onosmodium occidentale, 
and Potentilla arguta. Species noc germinating were Dodecatheon meadia, 
Galium boreale , Eelianthemum becknell-.,-., Heuchera richardsonii, Iris 
shrevei, Lithospermum canescens, Pecicularis canadensis, Polvgala san-
guinea, Rosa suffulta and Veronicastrum virginicum. 
Depth of planting experiment 
In several species there was wide variation between replications in 
germination percentages. It was felt the probable cause was variation 
in planting depth. An experiment was carried out in the spring of 1967 
to determine the effect of planting depth on those species with the wzdest 
fluctuation in germination between replications. Seeds of 15 species 
were planted at depths of 0.5, 1.0, and 2.0 cm after being stratified 
for four months at 5 C. Results are presented in Table 2. 
Six species including Ceanothus americanus. Ervngium vuccifolium, 
Linum sulcatum, Parthenium integrifolium, Rudbeckia subtomentosa and 
Solidago canadensis showed a definite relationship between deeper plant­
ing depth and lower g^rzzLnation. In both Rudbeckia hirta and Thalictrum 
dasvcarpum germination of shallow and deep plantings was depressed. 
Three legume species. Astragalus agrestis, Desmodium canadense, and 
Lespedeza capitata showed little, if any, reaction to planting depth. 
Anemone canadensis. Aster laevis and Zizia aurea did not germinate. 
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Table 2. Percentage germination at different planting depths 
Species 0.5 cm 
Planting depth 
1 cm 2 cm 
Anemone canadensis 
Aster laevis 
Astragalus agrestis 
Ceanothus americanus 
Cicuta maculata 
Desmodium canadense 
Eryngium yuccifolium 
Lespedeza capitata 
Linum sulcatum 
Parthenium integrifolium 
Rudbeckia hirta 
Rudbeckia subtomentosa 
Solidago canadensis 
Thalictrum dasycarpum 
Zizia aurea 
0 
0 
28 
22 
0 
44 
52 
46 
10 
36 
20 
62 
34 
18 
0 
0 
0 
20 
22 
0 
32 
38 
40 
2 
24 
42 
48 
18 
28 
0 
0 
0 
24 
4 
0 
40 
2 
38 
0 
12 
24 
6 
0 
12 
0 
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Viability tests 
Fourteen species which had germinated poorly or not at all in 1966 
germination trials were investigated during the winter of 1966-67 
(Table 3). Seeds were soaked in 1% tetrazolium chloride solution and 
embryos were checked 24 hours later for the characteristic cherry-red 
color indicating viability (Meyer and Anderson 1952). Species with few 
or no viable seeds according to this test included Lithospermum canescens, 
Onosmodium occidentale, and Pedicularis canadensis. On dissection, seeds 
of Coreopsis palmata were found to contain no embryos. Cotyledons of 
Liatris pvcnostachya became mottled when exposed to tetrazolium with no 
embryos being uniformly colored. Species tTith more than 50% of the seeds 
reacting positively to tetrazolium included Amorphe canescens , Dodecatheon 
meadia, Galium boreale. Helianthemum becknellii, Heuchera richardsonii, 
Polygala sanguinea, Potentilla arguta, and Veronicastrum virginicum. 
Germinator trials 
Seeds of all species tested \\rith tetrazolium were also germinated 
in a 15-30 C germinator (Table 3). Several species which had not pre­
viously germinated now did so, several at quite high percentages. Those 
species germinating were Amorpha canescens, Helianthemum becknellii, 
Heuchera richardsonii, Potentilla arguta, and Veronicastrum virginicum. 
The cotyledons of Liatris pvcnostachya imbibed water, turned green and 
began to separate, typical of germination, but there was no growth of 
the radicle. 
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Greenhouse germination of 1ow-germination species 
With the exception of Amorpha canescens all species which had shown 
at least 50% viable seeds using the tetrazolium test were germinated in 
the greenhouse. Seeds stratified 60, 30, and 15 days at 5 C were planted 
in steam-treated greenhouse soil in pots. Another lot of seeds of each 
species received no stratification. Only Polvgala sanguinea did not 
germinate. Species having the highest germination in the treatment 
without stratification were Helianthemum beclcnellii, Keuchera richard-
sonii, and Potentilla arguta (Table 3). Those species favored by 
stratification were Anemone canadensis, Galium boreale, and Veronicastrum 
virginicum. Dodecatheon tr.eadia required stratification for germination. 
The rate of growth of the seedlings of several species including 
Galium boreale, Potentilla arguta and Veronicastrum virginicum appeared 
to be affected by the stratification treatment (Figures 8 and 9). 
Intensive germination trials 
Further experiments xjith the germination of Dodecatheon meadia 
indicated a decrease in dormancy with increased stratification length. 
Also increased stratification time indicated a lessening of light and 
temperature requirements (Table 4). 
Intensive study of germination in Iris shrevei, four months after 
collection of seeds, revealed specific conditions for germination. Ger­
mination occurred between 25 C and 35 C and was highest at 30 C. Removal 
of the seed coat or of only the hilar portion (Randolph and Cox 1943) 
improved germination. The highest germination (53%) was obtained when 
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Table 3. Tetrazoliiim tests and germination of low-germinating species 
Percent germination 
Percent Greenhouse^ 
viable Germin­ Days stratified 
Species seeds^ ator 0 15 30 60 
Amorpha canescens 55 20 M M M «m 
Anemone canadensis 95 0 6 4 22 2 
Coreopsis palmata 0 0 — —  —  — — — 
Dodecatheon meadia 75 0 0 64 52 72 
Galium boreale 90 0 22 42 30 70 
Helianthemum becknellii 95 50 10 2 2 10 
Heuchera richardsonii 50 62 10 62 32 
Liatris pycnostachya 0? 25*^ — —  —  — —  
Lithosperm m canescens 0 0 — —  —  —  
Onosmodium occidentale 6? 0 — —  —  —  
Pedicularis canadensis 0 0 —  —  —  —  —  —  
Polygala sanguinea 55 0 0 0 0 0 
Potentilla arguta 75 44 76 24 36 50 
Veronicastrum virginicum 90 10 0 26 18 22 
^Tetrazolium test. 
^Test carried out in alternating 15-30 C germinator. 
^Test carried out in soil in 15-20 C greenhouse. 
^No radical growth. 
Table 4. Percentage germination of Dodecatheon meadia in germinator 
trials^ 
lermin- Length of stratification^ 
ator 0 days 15 days 30 days 60 days 
temp. light dark light dark light dark light dark 
20 C 0 0 96 40 100 40 92 72 
30 C 0 0 4 0 12 0 24 4 
15-30 C 0 0 32 0 80 0 96 12 
15-20 C 0 0 12 0 60 4 68 8 
Mean 0 0 36 10 63 11 70 24 
^ests carried out in petri dishes. 
^Stratification temperature 5 C. 
Figure 8. Effect of stratification on subsequent development of 
Potentilla arguta. Left to right: not stratified, 15, 
30, and 60 day stratification. Ruler marked in centi­
meters 
Figure 9. Effect of stratification on subsequent development of Galium 
boreale. Left to right; not stratified, 15, 30, and 60 day-
stratification. Ruler marked in centimeters 
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seeds, \d.th the hilar portion of the seed coat removed, were stratified 
at 5 C for 30 days and then germinated at 30 C. Seeds treated with 
gibberellic acid at 200 ppm in water also germinated at 53% at 30 C. 
Establishment 
Field plots, 1965 
Establishment of prairie species by seeds in field plots was at­
tempted with 27 species. In September, seedlings of 24 species were 
present in one or more treatment plots (Table 5). Four species, Panicuia 
virsatum. Delphinium virescens, Gentiana puberula, and Rosa suffulta 
did not produce seedlings. Spartina pectinata, Sporobolus heterolepis, 
Stipa spartea, Anemone cylindrica, and Potentilla arguta became es­
tablished only in the weed-free treatment. Lespedeza leptostachya was 
present only in the weed-free and the weedy treatments. Those species 
present in all treatments except one cover-crop treatment were Liatris 
aspera, Petalostemon candidum, and ?. purpureum. Of the remaining 
species, those whose overall establishment was over 10% were Androposon 
gerardi, Elymus canadensis, Echinacea pallida, Silphium laciniatum, 
Dalea alopecuroides, Desmodium canadense, and Lespedeza capita. Those 
below 10% establishment were Androposon scopariusSorghastrum nutans, 
Sporobolus asoer, Liatris pycnostachva, Ratibida pinnata, and Ervngium 
Yuccifolium. 
The average number of plants per plot in the various treatments in 
mid-September, 1965, was as follows: weed-free 9.9, weedy 8.0, weedy-
mowed 5.6, cover crop 3.8, cover crop-mowed 3.2. Weed-free plots were 
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Table 5. Percentage establishment in field plots, 1955 planting at the 
end of the first growing season^ 
Treatment 
Weedy Cover crop 
Species Weed-free Unmoved Mowed Unmowed Mowed 
Andropogon gerardi (70. 8)b* 14, .0 24, .0 6, .0 12, .0 
Andropogon scoparius (35. 7) 8, .0 4, .7 6. 7 6, .7 
Elymus canadensis (59. 4)* 26, .7 20, .0 22. 7 19, .3 
Sorghastrum nutans (36. 0)* 12, .0 15, .3 4, .0 8, .7 
Spartina pectinata 0. 7 0, .0 0. 0 0, .0 0. ,0 
Sporobolus asper (27. 7)* 14, .7 6, ,0 6, .7 6, .7 
Sporobolus heterolepis ( 4. 5) 0, .0 0. 0 0, .0 0, .0 
Stipa spartea ( 1. 2) 0. 0 0. ,0 0. 0 0. 0 
Echinacea pallida 39. 3 22. 7 22, .0 19, .3 10, .7 
Liatris aspera 25. 0 20. 0 10. 0 0. 0 5. 0 
Liatris pycnostachya 5. 3 16. 0 2. 0 1, .0 4. 0 
Ratibida pinnata 13. 3 11. 3 8, .0 6. 7 3. 3 
Silphium laciniatum 27. 2 22. 0 14. ,7 11, .3 8. 0 
Baptisia leucantha 45. 0 20, .0 10. 0 10. 0 0. 0 
Dalea alopecuroides 19. 3* 14. ,7* 17. 3* 10. 0* 7'. ,3 
Desmodium canadense 44. 7* 40. 7 12. 0 10. 7 2. 7 
Lespedeza capitata 23. 3* 18, .7 12. ,0 6, ,0 8. 0 
Lespedeza leptostachya 10. 0* 0, .0 5. ,0 0. 0 0. 0 
Petalostemon candidum 3. 3 14. ,0 2. ,0 2. 7 0, .0 
Petalostemon purpureum 14. 6 14. ,6 8. ,0 0, .0 2. 7 
Anemone cylindrica 6. 0 0. 0 0. 0 0. 0 0. 0 
Eryngium yuccifolium 24. 7* 15. 3 4. ,0 3. 3- 2. 0 
Potentilla arguta 2. 7 0, ,0 0. ,0 0. 0 0. 0 
^ost values are averages of three replications. 
^Figures in parentheses are basal area in cm^. 
*Flowering, 1965. 
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clearly favored over other treatments, and weedy treatments had higher 
establishment than those with cover crop. These data were not treated 
statistically because the layout of the experiment was not randomized. 
Also, two blocks were accidentally mowed in mid-August, 1966. 
Field plots, 1966 
Seeds of forty species were planted in the fall of 1965 and spring 
of 1966 both ^fith and without a cover crop. Twenty-eight species pro­
duced seedlings (Table 6). Geum triflorum and Solidago canadensis 
germinated but were not present in September, 1966. Low germinating 
species which survived the summer of 1966 but were present in only one 
or two treatments included Astragalus crassicarpus, Glvcvrrhiza lepidota, 
Lathyrus venosus, Onosmodium occidentale, and Thalictrum dasycarpua. 
Several species, generally with low establishment percentages, showed 
little treatment preference. They were Aster laevis, Rudbeckia hirta, 
Solidago rigida, and Baptisia leucantha. 
Many species clearly established better in one or two treatments. 
Those with highest establishment in the spring-cover crop treatment in­
cluded Liatris aspera, Ceanothus americanus, and Euphorbia corollata. 
Those establishing best in the spring-weedy treatment were Helianthus 
laetiflorus and Desmodium illinoinse. A number of species which per­
formed best when spring planted included Cirsium flodmanii, Helianthus 
grosseserratus, Heliopsis helianthoides, Kuhnia eupatorioides, Parthenium 
integrifolium, Rudbeckia subtomentosa, Asclepias sullivantii, and Monafda 
fistulosa. Species which established better in fall plantings included 
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Table 5. Percentage establishment in field plots, 1956 planting at the 
end of the first growing season^ 
Treatment 
Fall planting Spring planting 
Species Weedy Cover crop Weedy Cover crop 
Aster laevis 0.7 0.7 2.0 0.0 
Aster sericeus 1.3 1.3 0.0 0.0 
Cirsium flodmanii 2.7 4.0 9.3 10.7 
Helianthus grosseserratus 7. 3* 18.0* 25.3* 26.0 
Helianthus laetiflorus 8.3* 10.8 22.5 10.8 
Heliopsis helianthoides 4.0* 5.3 36.7 47.3 
Kuhnia eupatorioides 0.0 0.7 45.3 38.0 
Liatris aspera 3.3 2.0 6.0 10.7 
Partheninum integrifolium 2.7 2.7 14.7 15.3 
Rudbeckia hirta 3.3 4.7 8.0 6.7 
Rudbeckia subtomentosa 0.0 1.3 8.0 11.3 
Solidago rigida 6.7 7.3 6.0 8.0 
Astragalus crassicarpus 0.0 1.3 0.0 1.3 
Baptisia leucantha 1.3 0.7 2.7 1.3 
Desmodium illinoense 6.0 4.7 19.3 11.3 
Glycyrrhiza lepidota 0.0 0.7 0.0 0.0 
Lathyrus venosus 0.0 0,7 0.0 0.0 
Asclepias sullivantii 0.0 4.0 8.0 13.3 
Ceanothus americanus 0.0 0.0 0.7 4.0 
Euphorbia corollata 0.0 0.0 1.3 5.3 
Linum sulcatum 1.3* 2.0 0.0 0.0 
Monarda fistulosa 0.7 0.0 1.3 . 2.7 
Onosmodium occidentale 0.0 0.0 0.0 0.7 
Phlox pilosa 14.0* 17.3* 2.7 4.7 
Thalictrum dasycarpum 0.0 0.7 0.0 1.3 
Zizia aurea 2.0 6.0 0.0 0.0 
^All values are averages of three replications. 
^Species not establishing were: Coreopsis palmata, Solidago canaden­
sis, Amorpha canescens. Anemone canadensis, Cicuta maculata, Dodecatheon 
meadia, Galium boreale, Geum triflorum, Helianthemum becknellii, Heuchera 
richardsonii, Pedicularis canadensis. Polygala sanguinea, Potentilla 
arguta, and Veronicastrum virginicum. 
^Flowering, 1966. 
53 
Aster sericeus, Linum sulcatum. Phlox piloa, and Zizia aurea. 
Species not germinating were: Anemone canadensis, Amorpha canescens, 
Cicuta maculata, Coreopsis palmata, Dodecatheon meadia, Galium boreale, 
Helianthemum becknellii, Heuchera richardsonii, Pedicularis canadensis, 
Polygala sanguinea, Potentilla arguta, and Veronicastrum virginicum. 
Statistical analysis of the experiment indicated totals of blocks, 
season of planting, competition level, species, and season of planting X 
species were significantly different (Table 7). 
Seed mixture experiment, 1966 
In September, 1966, eighteen species had become established in 
plots seeded in single species plots and in a mixture. Those species 
which established above 20% included Helianthus grosseserratus, 
H. laetiflorus, Heliopsis helianthoides, and Kuhnia eupatorioides. 
Those establishing above 10% in at least one treatment included Cirsium 
flodmanii, Rudbeckia hirta, Solidago rigida, and Desmodium illinoense 
(Table 8). 
Species which did not become established included those listed at 
the bottom of Table 6 plus Asclepias sullivantii, Astragalus crassi-
carpus, Euphorbia corollata. Glvcyrrhiza lepiodota, Lathyrus venosus, 
Linum sulcatum, Onosmodium occidentale, and Phlox pilosa. All species 
in the above list established at very low percentages in spring plantings 
in the 1966 field plots. Only Helianthus grosseserratus had flowered 
by mid-September, 1966. 
Analysis of variance of number of plants of each species which were 
established revealed a significant difference between totals of cover-crop 
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Table 7. Analysis of variance of number of plants per plot present in 
mid-September, 1966, in 1966 field trials 
Source of variation DF Mean square 
A Blocks 1.618** 
B Season of planting 
C Competition 
29.486** 
1.296** 
BC interaction 0.227 
Error A 
D Species 
AD interaction 
BD interaction 
CD interaction 
BCD interaction 
Error B 
21 
42 
21 
21 
21 
126 
0.087 
6.390** 
0.321 
3.905** 
0.238 
0.237 
0.245 
**Significant at the 1 percent level 
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Table 8. Percentage establishment and flowering in mixture and single 
species plots, September, 1966 
Weedy Cover crop 
Single species Single species 
plots Mixture plots Mixture 
Aster laevis 6 2 0 2 
Aster sericeus 2 6 0 2 
Cirsium flodmanii 12 8 4 12 
Helianthus grosseserratus 36* 38* 30 36* 
Helianthus laetiflorus 46 54 52 32 
Heliopsis helianthoides 46 38 66 32 
Kuhnia eupatorioides 38 36 24 36 
Liatris aspera 6 2 0 0 
Parthenium integrifolium 4 4 2 4 
Rudbeckia hirta 14 6 2 2 
Rudbeckia subtomentosa 8 0 4 4 
Solidago rigida 10 4 10 16 
Baptisia leucantha 6 0 2 2 
Desmodium illinoense 18 14 10 10 
Ceanothus americanus 2 2 0 2 
Monarda fistulosa 0 2 0 4 
Thalictrum dasycarpum 2 0 0 2 
Zizia aurea 2 0 0 0 
*Flowering. 
and weedy treatments but no significant difference between mixture and 
single species plot totals (Table 9). The significant interaction be­
tween cover crop-weedy and mixture-single species treatment totals was 
due mainly to cover crop and weedy treatments in single species plots as 
shown below. Figures are average number of plants per species per plot. 
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Mixture Single species plots 
Cover crop 3.965 2.256 
Weedy 3.921 5.488 
Seeding following burning 
Seven of the forty species listed in Table 6 became established in 
plots seeded following burning (Table 10). Four species establishing in 
both individual plots and in a mixture were Helianthus grosseserratus, 
H. laetiflorus. Heliopsis helianthoides, and Solidago rigida. Kuhnia 
eupatorioides and Desmodium illinoense established only in the mixture 
treatment while Monarda fistulosa was present only in the single species 
plot treatment. Helianthus grosseserratus was the only species producing 
flowers by mid-September, 1966. 
Persistence in field plots, 1965 planting 
In addition to count and flowering data collected in 1965, presence 
was noted in each plot in late May and mid-September of 1966 and early 
May of 1967. Also, flowering was noted at intervals during the 1966 
growing season. A compilation of these data are presented in Table 11. 
Most species persisted over the summer to the extent that plots 
which contained plants in the spring still had survivors present in the 
fall. Those species which persisted in plots with infrequent loss of all 
plants in a plot included Andropogon gerardi, A. scoparius, Elymus 
canadensis, Sorghastrum nutans, Sporobolus asper, S_. heterolepis. Echi­
nacea pallida. Liatris aspera, Ratibida pinnata, Silphium integrifolium, 
Baptisia leucantha. Desmodium canadense, and Eryngium yuccifolium. 
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Table 9. Analysis of variance of seed mixture experiment on number of 
plants per species 
Source of variation DF Mean square 
A (Cover crop—weedy) 1 1.222* 
B (Mixture--single species) 1 0.127 
AB Interaction 1 1.211* 
C (Species) 17 7.652*; 
AC Interaction 17 0.178 
BC Interaction 17 0.209 
Error (ABC Interaction) 17 0.169 
"Significant at the 5% level 
^^Significant at the 1% level 
Table 10. Percentage establishment and plant height in mixture and 
single species plots seeded following burning, 1966 
Single species plots Mixture 
PI. ht. Pl. ht. 
Species °L estb. in cm % estb. in cm 
Helianthus grosseserratus 4 96 10 109* 
Helianthus laetiflorus 3 57 3 59 
Heliopsis helianthoides 10 14 14 32 
Kuhnia eupatorioides 0 - - 12 24 
Solidago rigida 4 5 6 7 
Desmodium illinoense 0 " — 2 10 
Monarda fistulosa 2 5 0 5 
^Flowering, 1966. 
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Table 11. Survival and flowering of species in field plots seeded in 
1965 
Percent of plots with 
surviving individuals Percent 
Treat- , Summer Winter Summer Winter flowering 
Species ment Number 1955 1966 1966 1967 1965 1966 
Andropogon WF 13.0 100 100 100 100 33 100 
gerardi W 9.5 100 100 100 100 0 0 
C 5 .4  83 40 100 100 0 0 
Andropogon WF 3.7 100 100 100 100 0 0 
scoparius W 3.8 83 60 100 67 0 0 
c 3.3 100 0 - - - - 0 0 
Elymus WF 11.0 100 100 100 100 100 100 
canadensis W 10.0 100 100 100 100 0 100 
c 10.4 100 100 100 100 0 100 
Sorghastrum WF 7.7 100 100 100 100 67 100 
nutans W 6.8 100 100 100 83 0 25 
c 3.8 83 50 100 100 0 0 
Spartina WF 3.0 100 0 — — — — 0 — — 
pectinata W 2.0 0 
c 0.0 
Sporobolus WF 8.6 100 100 100 100 100 100 
asper W 6.2 100 100 100 100 0 0 
c 5.0 83 100 100 100 0 — -
Sporobolus WF 2.0 100 33 0 — — 0 — — 
heterolepis W 2.0 0 —  —  
c 1.0 0 — 
Stipa WF 2.5 100 100 100 100 0 0 
spartea W 1.0 0 —  —  — — 0 — — 
c 0.0 
Echinacea WF 19.7 100 100 100 100 0 100 
pallida W 11.2 100 100 100 100 0 0 
c 7 .5  100 100 100 100 0 0 
^Treatments are: WF) weed-free; W) weedy; C) cover crop. 
^Average number of individuals per plot in late June, 1965. 
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Table 11. (Continued) 
Percent of plots with 
surviving individuals Percent 
Treat- , Summer Winter Summer Winter flowering 
Species ment& Number 1965 1966 1966 1967 1965 1966 
Liatris WF 5.0 100 100 100 100 0 100 
aspera W 4.0 75 100 100 100 0 0 
C 1 .0  83 100 100 100 0 0 
Liatris WF 4.0 67 100 100 100 0 100 
pycnostachya W 4.5 100 100 100 100 0 0 
c 2.0 50 50 100 100 0 - -
Ratibida WF 6.3 100 100 100 100 0 100 
pinnata W 4.8 100 100 100 100 0 17 
c 3.0 100 100 100 100 0 17 
Silphium WF 13.6 100 100 100 100 0 0 
laciniatum W 4.5 100 100 100 100 0 0 
c 3.0 100 100 100 100 0 0 
Baptisia w 4.5 100 100 100 100 0 0 
leucantha w 1.5 100 100 100 100 0 0 
c 1 .0  100 0 - - — —  0 - -
Da lea w 9.3 100 mm w 100 MM 100 100 
alopecuroides w 12.0 100 — 0 — 75 —  —  
c 4.3 100 — 83 - - 100 100 
Desmodium WF 22.3 100 67 100 100 100 100 
canadense W 13.2 100 100 75 80 0 0 
c 4.7 80 0 — —  —  0 — -
Lespedeza WF 11.6 100 100 50 100 67 0 
capitata W 7.7 100 100 83 100 0 0 
c 5 .2  67 0 —  —  0 - -
Lespedeza WF 1.0 100 33 100 100 67 0 
leptostachya W 1.0 100 0 — —  —  0 —  —  
c 0.0 
^Annual species. 
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Table 11. (Continued) 
Percent of plots with 
surviving individuals Percent 
Treat- Summer Winter Summer Winter flowering 
Species ment^ Number^ 1965 1966 1966 1967 1965 1966 
Petalostemon W 1, .7 100 100 100 100 0 33 
candidum W 6. .0 100 100 100 80 0 100 
c 2, .0 33 0 — - - 0 
Petalostemon WF 3. .7 100 67 100 100 0 100 
purpureum W 2, .8 100 83 60 100 0 33 
c 1. .0 33 0 — — — 0 
Anemone 3, .0 100 50 100 100 0 0 
cylindrica W 0. .0 - — — — — 
C 0, .0 100 100 — 0 
Eryngium WF 12. .3 100 100 100 100 67 100 
yuccifolium W 7. ,2 100 100 100 100 0 0 
c 2. .7 67 100 100 100 0 20 
Potentilla WF 4. .0 100 100 0 0 M M 
arguta W 0. .0 — — —  50 100 0 
c 0. .0 -- — - -
Rosa WF 0. .0 _ mm M 100® M •* V » mm — 
suffulta W 0. .0 — — — — 100^ 80 — — 0 
c 0. .0 — — — —  100 100 — — . 0 
^Plants established in 1966 from seeds planted in 1965. 
®Plot destroyed by root excavation. 
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Species with losses during the summer, especially in plots with weed and 
cover crop competition, included Liatris pycnostachya and Lespedeza 
capita. Petalostemon candidum, and P. purpureum persisted well except 
in the cover-crop treatment. Species for which adequate data were un­
available included Spartina pectinata, Stipa spartea, Lespedeza lepto-
stachya, Anemone cylindrica, and Rosa suffulta. 
Persistence of species in plots appeared to be at about the same 
level in the two growing seasons. However, species tended to persist 
better in the weed-free treatment than the weedy and cover-crop treat­
ments with little difference between the latter. 
Most overwinter losses were in cover-crop treatments and were 
largely restricted to the legumes. Affected species included Andropogon 
scoparius, Baptisia leucantha. Desmodium canadense, Lespedeza capitata, 
Petalostemon candidum and P. purpureum. 
Flowering in field plots. 1965 planting 
During the first growing season only Dalea alopecuroides, an annual, 
flowered in all treatments. Several species flowered only in the weed-
free treatment. These included Andropogon gerardi, Elymus canadensis, 
Sorghastrum nutans, Sporobolus asper, Lespedeza capitata, L. leptostachya, 
and Eryngium yuccifolium. 
During the second growing season several additional species flowered 
in the weed-free treatment while others flowered in competition treat­
ments. Echinacea pallida. Liatris aspera, and Liatris pycnostachya 
flowered in weed-free treatments. Elymus canadensis flowered in every 
plot where it was present, and Ratibida pinnata flowered in all 
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treatments. Petalostemon candidum, _P. purpureum, and Eryngium yucci-
folium flowered in one competition treatment in addition to the weed-
free treatment. Lespedeza capitata and L. leptostachya did not flower 
in I960 although both had flowered the first year. 
Germination, in the spring of 1966, of seeds planted the previous 
spring, was noted for several species. Echinacea pallida was found in 
all treatments, Sporobolus asper germinated in the weed-free treatment 
and Silphium laciniatum seedlings were present in weedy and cover crop 
treatments. 
Seedlings of Sporobolus asper, Echinacea pallida, Ratibida pinnata, 
Dalea alopecuroides, Desmodium canadense, and Eryngium yuccifolium were 
present in the weed-free treatment in the spring of 1967. Seedlings of 
these species were in abundance and outside the boundaries of the origi­
nal plots strongly suggesting the origin of the seeds was from plants 
established in 1965 and setting seed in 1966. Dalea alopecuroides pro­
duced seed in 1965 and resulting progeny in 1966 also produced seed. 
Root excavation in field plots, 1965 planting 
Examination of root systems showed at least twice as many main 
branches in plants grown in the weed-free treatment as in weed competi­
tion. Main root diameters were also greater in weed-free plots. Ob­
served depth of rooting in weed-free plots was twice that in weed competi­
tion for Sorghastrum nutans, Baptisia leucantha, Desmodium canadense, 
Lespedeza capitata. and Echinacea pallida. Rooting depth was similar or 
deeper in the weedy treatment in Liatris pycnostachya, Ratibida pinnata. 
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and Silphium laciniaturn. It is probable that few root systems were 
followed to their deepest penetration ov/ing to the nature of the excava­
tion technique, the condition of the soil and the weakness of the finer 
roots. Thus comparisons are qualitative (Figures 10, 11, 12, 13). 
Persistence in field plots, 1966 planting 
A summary of count and flowering data taken in 1966 and presence 
data in each plot in early May of 1967 indicated the degree of persis­
tence each species displayed in surviving summer and winter seasons 
(Table 12). Some plants of most species which became established sur­
vived the growing season. These included Aster sericeus. Cirsium flod-
manii, Helianthus grosseserratus, H. laetiflorus, Heliopsis helianthoides, 
Kuhnia eupatorioides, Liatris aspera, Parthenium integrifolium, Rudbeckia 
hirta, R. subtomentosa, Solidago rigida, Baptisia leucantha, Desmodium 
illinoense, Lathvrus venosus, Asclepias sullivantii, Ceanothus americanus, 
Euphorbia corollata, Phlox pilosa. Thalictrum dasvcarpum, and Zizia 
aurea. 
Species in which losses were confined to one treatment included 
Aster laevis. Astragalus crassicarpus, and Monarda fistulosa. Losses 
in several treatments were noted in Solidago canadensis, Glycyrrhiza 
lepidota, and Onosmodium occidentale. 
Several species flowered during the first growing season. Only 
Helianthus grosseserratus flowered in both fall and spring plantings. 
Heliopsis helianthoides and Linum sulcatum flowered in the fall cover-
crop treatments and Phlox pilosa flowered in both fall planting treat­
ments. Helianthus laetiflorus flowered in the fall-weedy treatment. 
Figure 10. Excavated root system of Desmodium Figure 11. 
canadense in weed-free treatment at 
the end of the second growing season 
Excavated root system of Des­
modium canadense in weedy 
treatment at the end of the 
second growing season 
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Figure 12. Excavated root system of Ratibida Figure 13. Excavated root system of Ratibida 
pinnata in weed-free treatment at pinnata in weedy treatment at the 
the end of the second growing end of the second growing season 
season 
67 
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Table 12. Survival and flowering of species in field plots seeded 
in 1956 
Percent of plots with 
surviving individuals 
Species Treatment^ Kunber Summer, 1966 Winter, 1967 
Aster FW 1.0 100 0 
laevis FC 1.0 100 0 
SW 1.5 100 100 
SC • 1.0 0 — — — 
Aster FW 1.0 100 100 
sericeus FC 2.0 100 0 
SW 0.0 — — —  
SC 0.0 —  —  —  
Cirsium FW 1.0 100 100 
flodmanii FC 2.0 100 50 
SW 2.0 100 67 
SC 2.7 100 100 
Helianthus FW 5.5 " 100* 100 
grosseserratus FC 9.0 100* 100 
SW 12.7 100* 67 
SC 13.0 100 67 
Helianthus FW 3.3 100* 100 
laetiflorus FC 4.3 100 • 100 
SW 9.0 100 100 
SC 4.3 100 100 
Heliopsis FW 3.0 100* 100 
helianthoides FC 2.7 100 100 
SW 18.3 100 100 
SC 27.7 100 100 
Kuhnia FW 2.0 100 100 
eupatorioides FC 2.0 100 0 
SW 22.7 100 100 
SC 19.0 100 100 
^Treatments are: FW) fall-weedy; FC) fall-cover crop; SW) spring-
weedy; SC) spring-cover crop. 
^Average number of individuals per plot in early July, 1966. 
*Flowering. 
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Table 12. (Continued) 
Percent of plots vri.th 
surviving individuals 
Species Treatment^ Number^ Summer, 1966 Winter, 1967 
Liatris FW 1.7 100 100 
aspera FC 3.0 100 100 
SW 3.0 100 100 
sc 5.3 100 100 
Parthenium FW 2.0 100 100 
intregrifolium FC 1.3 100 67 
sw 7.3 100 100 
SC 7.7 100 100 
Rudbeckia FW 2.5 . 100 100 
hirta FC 2.3 100 100 
sw 4.0 100 67 
sc 3.3 100 100 
Rudbeckia Fî^ 0.0 M » » 
subtomentosa FC 1.0 100 0 
SW 4.0 100 0 
SC 5.7 100 0 
Solidago FW 0.0 ## M* M» 
canadensis FC 2.0 0 — — — 
SW 0.0 — — — — — — 
SC 1.0 0 — — — 
Solidago FW 4.0 100 67 
rigida FC 6.0 100 100 
SW 2.7 100 100 
SC 2.7 100 50 
Astragalus FW 0.0 — — — 
crassicarpus FC 1.0 67 100 
SW 1.0 100 100 
SC 2.0 100 100 
Baptisia FW 1.0 100 33 
leucantha FC 1.0 100 0 
SW 2.0 100 100 
SC 1.5 100 50 
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Table 12. (Continued) 
Percent of plots with 
surviving individuals 
Species Treatment^ Number^ Summer, 1966 Winter, 1967 
Desmodium FW 4.0 100 0 
illinoense FC 2.7 100 33 
SW 9.3 100 100 
sc 6.0 100 33 
Glycyrrhiza FW 1.7 0 — — — 
lepidota FC 1.0 100 0 
SW 1.0 0 —  —  —  
sc 1.0 0 - - -
Lathyrus FW 0.0 — — — — — — 
venosus FC 1.0 100 0 
SW 1.0 100 100 
SC 0.0 - —  —  — —  
Anemone FW 0.0 
canadensis FC 0.0 — — — —  —  —  
SW 2.0 100 100 
SC 0.0 — — —  —  
Asclepias FW 2.3 100 100 
sullivantii FC 3.5 100 100 
SW 5.0 100 • 100 
sc 4.3 100 100 
Ceanothus FW 0.0 •B » « » «a 
americanus FC 0.0 — —  —  — — — 
SW 1.0 100 0 
SC 1.5 100 0 
Euphorbia FW 1.5 100 100 
corollata FC 1.0 50 100 
SW 5.3 100 100 
SC 7.3 100 100 
Geum FW 0.0 
triflorum FC 1.0 100 0 
SW 0.0 — — — — — — 
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Table 12. (Continued) 
Percent of plots with 
surviving individuals 
Species Treatment^ Number^ Summer^ 1966 Winter, 1967 
Linum FW 2.0 100* 
sulcatum FC 1.5 100 
SW 0.0 —  —  —  
sc 0.0 
Monarda FW 1.0 100 0 
fistulosa FC 2.0 0 —  —  —  
SW 2.0 100 100 
SC 1.6 100 67 
Onosmodium FW 1.0 0 as ^ 
occidentale FC 0.0 —  — —  — — —  
SW 0.0 —  — —  — — —  
SC 1.0 50 0 
Phlox FW 9.7 100* 100 
pilosa FC 11.3 100* 100 
SW 1.7 67 0 
SC 1.7 100 50 
Thalictrum FW 1.0 100 100 
dasycarpum FC 1.0 100 0 
SW 0.0 —  —  —  —  —  —  
• SC 2.0 100 100 
Zizia FW 1.0 100 100 
aurea FC 2.7 100 100 
SW 0.0 —  —  —  —  — —  
SC 0.0 —  — —  —  —  —  
^Annual species. 
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Overwinter losses of all individual plants in a plot in the cover 
crop treatments was higher than in the weedy treatments. Percentage of 
losses were : fall-weedy, 16.3%; fall-cover crop, 30.4%; spring-weedy, 
18.4%; and spring-cover crop, 25.0%. Species in which individuals per­
sisted in all plots were Liatris aspera, Helianthus laetiflorus, 
Heliopsis helianthoides. Astragalus crassicarpus, Euphorbia core 11ata, 
and Zizia aurea. Losses of 10% to 20% of the plots containing plants in 
the fall of 1965 were recorded for Cirsium flodmanii, Helianthus aros-
seserratus, Kuhnia eupatorioides, Monarda fistulosa, Parthenium inte-
grifolium, Rudbeckia hirta, Solidago rigida, and Thalictrum dasvccrpum. 
More extensive losses, from 30% to 50% of the plots containing plants 
in the fall of 1966, were noted for Aster laevis, A. sericeus, Baptisia 
leucantha, Desmodium illinoense, Lathyrus venosus, and Phlox pilosa. 
Sod Transplants 
Spring transplanting, 1965 
Twenty-three prairie species were established from sod transplants 
set out in spring, 1965. Measurements of presence, height and flowering 
for 1965 and 1966 and overwintering 1967 are presented in Table 13. 
Because of accidental mowing, data from 1965 are not comparable 
between those sods set in a cultivated plot and those in Bromus inermis. 
Transplants in Bromus were accidentally mowed in mid-June while the 
transplants in the cultivated plot were accidentally mowed in mid-
August. 
Eight grass species established were Andropogon gerardi, A. scoparius, 
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Table 13. Presence, height, and flowering of prairie species in sod 
transplants set in cultivated and Bromus plots in 1955 
1965* 1966 1967* 
Culti- Culti- Culti-
Species vated Bromus vated Bromus vated Bromus 
Andropogon gerardi X* 181* X 
Andropogon scoparius X X* 91* 22 X 
Elymus canadensis X X* 157* X 
Panicum virgatum X X* 53* X X X 
Sorghastrum nutans X X* 155* X 
Spartina pectinata X X* 68* 170 X 
Sporobolus heterolepis X X 80 X 
Stipa spartea X* X 132* 24 X X 
Anemone canadensis X* X 46* X 
Anemone cylindrica 34* 
Aster ericoides 89* X 
Cicuta maculata X 179* X 
Helianthus grosseserratus X X* 205* 185* X X 
Helianthus laetiflorus X X 165* 157 X 
Lithospermum canescens X 32* X 
Phlox pilosa 44 . 
Pycnanthemum virginianum 67* X 
Ratibida pinnata X 127* X 
Rosa suffulta X X 
Silphium laciniatum X X 69 101 X X 
Solidago rigida X X 141* 94* X X 
Viola pedatifida X X X 26 X 
Zizia aurea X 86* X' 
^Height measurements not made. 
denotes presence. 
*Flowering. 
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Elvmus canadensis, Panicum virgatum, Sorghastrum nutans, Spartina pectin-
ata, Sporobolus heterolepis, and Stipa spartea. Compositae included 
Aster ericoides, Helianthus grosseserratus, H. laetiflorus, Ratibida 
pinna ta, Silphium laciniatuiti, and Solidago rigida. Nine other species 
also were established. 
During the second (1966) growing season most species in the cultiva­
ted plot flowered while only 4 species flowered in the Bromus plot. Also, 
all species in the cultivated plot were taller than in the Bromus plot 
except Spartina pectinata and Silphium laciniatum. 
Observations in the spring of 1967 showed a continuation of the 
trend for species to persist in the cultivated plot and to die out in 
the Bromus plot. During the two years in place several species had 
spread by rhizomes beyond the confines of the original transplants in 
the cultivated plot. These were Aster ericoides, Helianthus grosseser­
ratus (Figure 14) , H. laetiflorus, Panicum virgatum, Spartina pectinata, 
and Anemone canadensis. 
Transplanting. 1966 
Forty-one prairie species were established in 130 sod transplants 
set out in the fall of 1955 and spring of 1966. Thirty-four species 
were established from the Boone site while 22 species were established 
from the Ames site. In sods receiving no cultivation 34 species were 
present while 35 were present in sods receiving cultivation. Sods set 
in late fall yielded 36 species while 26 species were present in sods 
set in spring (Table 14). 
Eight species in the Gramineae, Andropogon gerardi, A. scoparius, 
Figure 14. Vegetative spread of Helianthus grosseserratus from a sod 
transplant after 2 years in place in the cultivated treat­
ment. The original transplant is outlined to the right of 
the pot label. The ruler is marked in decimeters 
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Table 14. Height and flowering of prairie species in sod transplants 
set in 1966 
Fall Spring 
Species Cultivated Sod Cultivated Sod 
Andropogon gerardi 5—4^, 2—2 10—10 4—3 
0--70 0—-45 6--94 0--73 
Andropogon scoparius — 1—1 
—— Q—""90 •" — —— 
Panicum virgatum 2—0 1—1 3—2 
2——98 1—-94 2——109 —— 
Sorghastrum nutans 2—1 — 7—7 5—3 
0——77 — 3——89 1——90 
Spartina pectinata 2—2 1—1 2—1 
0-—142 0——105 0--74 — 
Sporobolus asper 6—3 6—5 4—3 1—1 
5--89 1—-101 4--109 1--102 
Sporobolus heterolepis — — — 1—1 
Stipa spar tea — 4—1 17—10 14—6 
-- 0—-38 0--30 • 0--33 
Achillea millefolium — — — 2—2 
— — — —— 0—51-
Aster ericoides 2—2 1—1 2—2 1—1 
1—103 1—81 1—70 0—48 
Aster laevis 2—2 4—4 — 1--1 
1--92 4——67 -- 1—-80 
^Left figure: Number of transplants containing species in 1966. 
Right figure: Number of transplants containing species in spring, 1967. 
^Left figure: Number of transplants containing species flowering 
in 1966. Right figure: Average height (in cm), 1966. Tallest plant of 
the species in each transplant measured. 
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Table 14. (Continued) 
Fall Spring 
Species Cultivated Sod Cultivated Sod 
Cirsium altissimum 1—1 — 4—3 1--0 
0—-62 — 1——46 0—-16 
Coreopsis palmata 2—2 3—2 4—4 
0-—57 0—-54 3——63 —-
Echinacea pallida 2—1 — 3—3 
0——48 —— 0——28 —— 
Helianthus grosseserratus 6—6 6—4 — 1—1 
4--131 6—154 — 1--124 
Helianthus laetiflorus 4--4 4—4 9—9 4—4 
4--191 3—-164 1--104 1--89 
Liatris aspera 4—3 4—3 
0——57 2——69 —— —— 
Ratibida pinna ta 2—2 3—2 1--1 3—3 
1—85 0—25 0—38 1—52 
Rudbeckia hirta — 2—0 
— 0——21 — — 
S olidago rigida 4—4 6—6 7—7 3—.3 
4--108 4--86 1--53 3--103 
Parthenium integrifolium — 2—0 
—— 0"""20 — — —— 
Anemone cylindrica 1—1 
*60 "• — — — —— 
Asclepias syriaca — -- — 2—2 
Asclepias tuberosa 2—1 
0~"*37 —— —— 
Cicuta maculata 1—1 3—3 
1——140 0""69 —— —— 
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Table 14. (Continued) 
Fall Spring 
Species Cultivated Sod Cultivated Sod 
Eleocharis compressa 4— 4— 
2~~25 3——24 -- —-
Euphorbia corrolata -- 1--1 
Fragaria virginianum 2—1 4—1 1—1 1—1 
1--21 1--9 0--14 0--16 
Galium obtusum 2—2 
Hypoxis hirsuta 6—3 6—6 
6—"18 6——16 —— —— 
Lespedeza capitata 1—1 
Lithospermum canescens -- 2—1 1--1 
-- 2-—22 1--18 —-
Oxalis violacea 3—3 7—3 4—3 1—1 
2—10 3—13 2—8 1—7 
Petalostemon purpureum 2—1 1—0 
1——81 0~~29 —- —— 
Phlox pilosa 6—6 5—3 5—5 2—2 
2—27 4—38 1—17 0—15 
Physalis heterophylla — — 4—3 4—4 
-- -- 0--31 0--30 
Pycnanthemum virginianum 3—3 3—3 
1——55 2——74 —- —— 
Rosa suffulta 1—1 2—1 4—4 3—2 
0--49 1--16 0--22 0--23 
Sisyrinchium campestre 5— 3— 
4--20 3--24 --
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Table 14. (Continued) 
Fall Spring 
Species Cultivated Sod Cultivated Sod 
Viola papilionacea 2—2 
2—22 
3—3 
2--14 
— —  - —  
Zizia aurea 1—1 
0—13 
1——1 —-
0——26 —— 
Panicum virgatum, Sorghastrum nutans, Spartina pectinata, Sporobolus 
asper, S_, heterolepis, and Stipa spartea, were successfully established. 
In the Compositae, 13 species, including Achillea millifolium. Aster 
ericoides, A. laevis, Cirsium altissimum. Coreopsis palmata, Echinacea 
pallida, Helianthus grosseserratus, H. laetiflorus, Liatris aspera, 
Ratibida pinna ta, Rudbeckia hirta, Soli dago rigida, and Partheniuir. 
integrifolium, were established. Twenty other species from 16 families 
were also present. In addition, positive identification was not made 
for one species each of Aster, Solidago, and Asclepias, one species of 
Panicum (subgenus Dicanthelium) and 3 or more species of Carex. 
Flowering was observed in 26 species; 21 in fall transplants, 16 
in spring; 18 in uncultivated transplants, 20 with cultivation. 
Where comparisons of height could be made between fall and spring 
transplantings, the taller plants appeared to be in fall transplants 
about 75% of the time. Comparisons between cultivated and non-cultivated 
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transplants showed taller plants in cultivated transplants about 60% 
of the time. 
Most species survived the winter of 1967 with little or no loss. 
Losses were evenly distributed between cultivated and uncultivated trans­
plants. Of the 18 transplants containing plants flowering in mid-May, 
1967, 14 were in the cultivated treatment and four were uncultivated. 
All plants of Parthenium integrifolium and Rudbeckia hirta, each 
in two transplants, failed to survive the winter. Due to difficulty 
in identification in the vegetative condition no survival data are 
presented for Eleocharis compressa and Sisvrinchium campestre. The 
high mortality of Stipa spartea is in doubt because of possible mis-
identifications in 1966. 
Seedling Transplants 
Summer transplants, 1965 
Of the 16 species transplanted into sod of Poa pratensis in summer, 
1965, almost all survived except for Liatris aspera in which 7 of 10 
plants were dead by fall (Table 15). At the time of observation in the 
fall of 1966 all plants of Liatris aspera and several individuals of 
Asclepias verticillata and Eryngium yuccifolium had died. Most other 
species had more than 75% of the plants still living. 
Flowering was observed in one species. Aster ericoides. in 1965. 
In 1966 Elymus canadensis, Aster ericoides, Ratibida pinnata, and 
Solidago rigida flowered in 75% or more of the plants present. Also 
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Table 15. Persistence and flowering of seedlings transplanted in 1965 
Spring 
Fall 1965 Fall 1966 1967 
No. of Percent Percent 
trans- Percent flower- Percent flower- Percent 
Species plants present ing present^ ing^ present 
Andropogon gerardi 5 100 0 100 0 80 
Elymus canadensis 10 100 0 90 100 100 
Sorghastrum nutans a 100 0 37 0 100 
Sporobolus asper 10 90 0 78 14 71 
Sporobolus heterolepis 9 100 0 78 0 57 
Stipa spartea 10 90 0 67 0 83 
Aster ericoides 10 100 20 100 80 100 
Echinacea pallida 10 80 0 87 28 100 
Liatris aspera 10 30 0 0 
Liatris pycnastachya 10 70 0 100 0 100 
Ratibida pinnata 10 80 0 100 75 100 
Silphium laciniatum 10 80 0 100 0 100 
Solidago rigida 10 70 0 86 83 83 
Anemone cylindrica 8 100 0 75 33 100 
Asclepias verticillata 10 100 0 40 0 100 
Eryngium yuccifolium 10 80 0 38 0 100 
^Based on number of plants present in the fall of 1965. 
^Based on number of plants present in the fall of 1966. 
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flowering but at lower levels were Sporobolus asper. Echinacea pallida, 
and Anemone cylindrica. 
Most species suffered some losses during the winter of 1966, and 
Liatris aspera was eliminated. Ten of 15 species present in the fall 
of 1966 survived the winter of 1967 without losses. One plant each of 
Andropogon gerardi, Stipa spartea. and Solidago rigida were lost while 
Sporobolus asper and S_. heterolepis suffered greater losses. 
Fall transplants. 1966 
Seedling transplants in three inch peat pots, in Mitchell County 
included 20 species in the Compositae, 11 species in the Leguminosae, 
and 12 other species for a total of 44 species and 113 plants (Table 16). 
Ninety-two percent of the transplants survived the winter of 1967 
(Table 16). Of the 44 species present, 35 suffered no losses. One 
transplant each of Helianthus grosseserratus, Liatris pycnostachya, 
Amorpha fruticosa. Astragalus crassicarpus, Asclepias tuberosa. Euphorbia 
corollata, and Monarda fistulosa, and two transplants of Desm&dium il-
linoense died. 
Transplants, mostly in four inch peat pots, set out at the Little-
field Biological Area, Story County, numbered 158 plants of 32 species. 
There were 17 species in the Compositae, 8 species in the Leguminosae, 
and 7 other species (Table 16). 
Survival over the winter of 1967 was about 87%. No losses were 
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Table 16. Overwinter survival of seedlings transplanted in Fall, 1966 
Mitchell County Story County 
Number Number 
Number of surviving Number of surviving 
Species transplants overwinter transplants overwinter 
Aster ericoides 4 4 1 1 
Aster laevis 3 3 1 0 
Aster sericeus 3 3 S 6 
Cirsium flodmanii 4 4 8 8 
Echinacea pallida 4 4 8 8 
Helianthus grosseserratus 2 1 8 8 
Helianthus laetiflorus 4 • 4 8 8 
Heliopsis helianthoides 4 4 8 8 
Hieracium umbellatum 4 4 9 8 
Kuhnia eupatorioides 3 3 9 8 
Liatris aspera 4 4 8 8 
Liatris pycnostachya 1 0 -
Parthenium integrifolium 3 3 3 3 
Ratibida pinnata 4 4 8 8 
Rudbeckia hirta 4 4 - -
Rudbeckia subtomentosa 2 2 1 1 
Silphium integrifolium 4 4 8 8 
Silphium laciniatum 3 3 11 10 
Solidago canadensis 4 4 - -
Solidago rigida 4 4 8 8 
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Table 16. (Continued) 
Species 
Mitchell County Story County 
Number Number 
Number of surviving Number of surviving 
transplants overwinter transplants overwinter 
Amorpha fruticosa 2 
Astragalus agrestis 4 
Astragalus canadensis 4 
Astragalus crassicarpus 3 
Baptisia leucophaea 4 
Desmodium canadense 3 
Desmodium illinoense 4 
Glycyrrhiza lepidota 1 
Lathyrus venosus 1 
Lespedeza capitata 
Petalostemon candidum 2 
Petalstemon purpureum 3 
1 
4 
4 
2 
4 
3 
2 
1 
1 
2 
3 
1 
1 
3 
5 
1 
2 
1 
1 
0 
0 
1 
1 
Anemone canadensis 
Anemone cylindrica 
Asclepias sullivantii 
Asclepias tuberosa 
Eryngium yuccifolium 
Euphorbia corollata 
Geum triflorum 
Monarda fistulosa 
1 
1 
3 
5 
4 
1 
4 
4 
1 
1 
3 
4 
4 
0 
4 
3 
2 
3 
7 
0 
3 
7 
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Table 16. (Continued) 
Species 
Mitchell County Story County 
Number Number 
Number of surviving Number of surviving 
transplants overwinter transplants overwinter 
Onosmodium occidentale 1 
Phlox pilosa 4 
Thalictrum dasycarpum 3 
Zizia aurea 3 
1 
4 
3 
3 
5 
3 
3 
5 
3 
3 
noted for 20 species and almost one-half of the plants which died. 
were in two legume species, Desmodium illinoense and Lespedeza capita-
ta. Amorpha fruticosa and Euphorbia corollata each had two trans­
plants which died. One transplant of Geum triflorum flowered in May, 
1967. 
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DISCUSSION 
Germination 
Seed germination is an ail important phase in the natural establish­
ment of new plants in a plant community. Germination represents a period 
in the life cycle when rather narrow environmental limits are tolerated 
by many species. Before consistent artificial establishment of a spe­
cies can be accomplished its particular germination requirements must be 
known. An example is Iris shrevei in which germination is greatly in­
fluenced by stratification, high temperature, and loss of seed coat. In 
addition to germination requirements, year to year differences in seed 
quality and quantity greatly affect establishment. Little information 
is available on the influence of environmental conditions during flower­
ing and seed set on the subsequent germination of a seed crop (Amen 1963). 
The species of grasses tested in this study appear to fall into 
two categories ; those with quite high germination such as Elymus canaden­
sis and Sporobolus asper, and those with low germination, generally be­
low 15%. The latter group includes the remaining species with the 
possible exception of Sporobolus heterolepis which was reported to ger­
minate at about 50% by Greene and Curtis (1950) but which germinated at 
about 16% in the present study. 
Of the two grass species not germinating in flats, Andropogon 
scoparius germinated in field plots at 7.2%, but Panicum virgatum did 
not germinate in any of the trails. Porter (1966) reported only l--2% 
of Panicum virgatum seeds collected in Oklahoma contained embryos. 
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However, this species is commonly used in seeding rangeland and highway 
backslopes. Thus it seems that some strains produce seed with accept­
able germination. 
Almost all species tested in the Compositae germinated well except 
one. Coreopsis palmata, which was found to have no embryos. Aborted 
embryos prevented the use of seeds of Kuhnia eupatorioldes and Lactuca 
pulchella collected from Cay1er Prairie, near Milford, Iowa in August, 
1965. 
Mean germination of Compositae tested was 57.17» in 1965, 26.8% in 
1966, and 32.2% for both years. Germination of 19 species of Compositae 
reported by Greene and Curtis (1950) using similar procedures averaged 
61.7%. 
Fifteen species in the Leguminosae which were tested averaged 9.6% 
germination in 1966. This is considerably below the average of the 
Compositae. Several species had very low germination near 1% (Table 1), 
and only two species germinated over 20%. 
Other families were represented by fewer species and generaliza­
tions by family are impossible to draw. One exception appears to be the 
Asclepiadaceae where three species averaged 35.5% with Asclepias verticel-
lata germinating at 58%. Greene and Curtis (1950) reported germination 
of four species in the Asclepiadaceae which averaged 56%. 
Comparison of germination results of prairie species from various 
reports emphasizes that there are large differences as well as basic 
uniformity among the species (Blake, 1935; Greene and Curtis, 1950). 
As an example of variability, in the present study, the germination of 
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seeds of Aster ericoides collected at the same site in two succeeding 
years varied from 44% in 1955 to 10% in 1966. Greene and Curtis (1950) 
reported 8% for the same species. Almost all species tested both years 
in this study had higher germination in the seed harvest of 1965 than of 
1966. Solidago rigida is the only exception. 
More intensive study of 14 species which germinated poorly or not 
at all in 1966 revealed five species with few or no viable seeds (Table 
3). This test was made eight months after the completion of the outdoor 
germination test. Despite the lack of evidence that the seeds did not 
die in the interim between tests, the remaining nine species had at 
least 50% live seeds. It is not likely the five species in question 
lost all of their viability in the 8-month period. It is well known 
that many wild species produce seeds with a viability of several to 
many years (Mayer and Poljakoff-Mayber 1963). Therefore the lack of 
germination in 1966 flat trials of the five species was at least partly 
due to dead seeds. 
Five other species which did not germinate in the spring of 1965, 
germinated quite freely and without special treatment six months later. 
Apparently after-ripening had occurred during the time between tests 
(Mayer and Poljakoff-Mayber 1963). However, since this test was done in 
a germinator in petri dishes and not in soil the tests are not directly 
comparable. A test conducted two months later revealed lower germination 
in soil than had been recorded using petri dishes (Table 3). 
These tests also revealed the need for scarification of certain 
species. It was evident that Helianthemum becknellii was not imbibing 
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water without scarification but imbibed freely and germinated at 50% in 
a petri dish after scarification. Imbibition of Polygala sanguinea and 
Potentilla arguta was also aided by scarification. 
From the results of these studies it seems advisable to examine 
each lot of prairie seeds, after drying, by imbibing with water and 
testing for viability with tetrazolium. This procedure would reveal 
dead seeds immediately and also would point out any imbibition problems. 
The tetrazolium test must be standardized for each species, consequently 
experience with each species is needed before reliable tests can be 
made (Porter, Durrell, and Romm 1947; Meyer and Anderson 1952; Grabe 
1961). 
Polygala sanguinea, an annual, did not germinate in any trials 
during 1966 and 1967. This is rather unusual since annuals often 
germinate readily. Stratification, scarification, and dry storage 
apparently had no effect. Two stratification periods in the field 
during the winters of 1966 and 1967 also failed to break dormancy. 
Planting depth has been shown to be a critical factor in germina­
tion (emergence) (Clements and Weaver 1924) and has been related to seed 
size and type of emergence (Edmond, Musser, and Andrews 1957). The ex­
periment on planting depth indicates this relationship. Linum sulcatum, 
with very small seeds, showed lowered germination between the 0.5 cm 
and 1 cm depths while several species with larger seeds showed lower 
germination between 1 and 2 cm (Table 2). Still others, especially 
several legumes showed no response up to the 2 cm depth. 
The relationship between germination in flats overwintering outdoors • 
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and germination in the field is not close (Christiansen and Landers 
1967), Generally germination in flats was higher than that in field 
plots, but there were exceptions. In the flat trials of 1965 and 1966, 
Rosa suffulta did not germinate but did germinate in the spring of 1966 
from seeds planted in the spring of 1965. Apparently two stratification 
periods are required to break dormancy. Other species where field 
germination was higher were Andropogon gerardi and Andropogon scoparius. 
Several circumstances which might account for these discrepancies 
are: 1) soil preparation and planting depth are better controlled in 
flats (Harper, Williams, and Sagar 1965), 2) outdoor stratification with 
varying moisture and temperature conditions is much different from the 
controlled temperatures and constant moisture conditions in the cold 
room, 3) the change from cold room to field condition is more rapid 
for seeds planted in the field than those overwintered outdoors, 
4) moisture conditions in field plots were less ideal than for the flats 
which could be watered at intervals, 5) field plots were not checked 
weekly as the flats were, and death of germinated plants could easily 
go unrecorded, 6) competition from weeds was present in the field plots 
while the flats were kept weed-free. 
In spite of the lack of consistency between field and-flat germina­
tion the technique of flat germination is valuable in giving preliminary 
results for a particular species. Also it serves as a standardized 
method for comparing germination of yearly harvests of seeds, seeds 
from various locations and more nearly approximates field conditions 
than germination on blotters. Another value is in producing specimens 
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which can be used for identification of seedlings in field studies. Keys, 
photographs and drawings, and other means of identifying seedlings of 
prairie species are not available. Identification can only be made by 
observing seedlings from known seeds or following seedlings to maturity 
when identification can be made. 
Establishment 
The ability of various species to establish themselves from seed 
varies greatly. In this study many species did not produce established 
plants in field or flats. In most cases this was due to failure to 
germinate. However, once a plant had survived for 4—5 weeks it was 
likely to persist. In 80% of the field plots, species present in early 
July persisted through the season despite below normal rainfall in July 
and August of both years of the study. In plots with very few indivi­
duals, mortality was high enough to eliminate the species in some cases. 
Mortality overwinter was also quite low. 
This is in contrast to work of Weaver and Mueller (1942) and Blake 
(1935) who found very few seedlings persisting through a growing season 
in intact prairie. It appears that the competition of intact prairie 
is much greater than the weed and cover crop competition present in this 
study. This was pointed out by Clements and Weaver (1924). In their 
research seedling mortality was greater in narrow linear plots than in 
wider rectangular plots because undisturbed prairie was closer in the 
former treatment. However, the above mentioned studies were made in 
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Nebraska where moisture relations in the mid- and late summer are more 
critical than in central Iowa. No comparable studies are available for 
Iowa prairies. 
In a number of cases in this study when presence was being noted, 
especially in the fall, species were designated as being absent only to 
reappear at the next check. This was the case with Geum triflorum and 
Anemone canadensis which were apparently absent in the fall, 1966, 
check but were present (not as seedlings) in the spring of 1967. This 
points out the drought resistance of these species by reversion to 
dormancy. It also accounts for the discrepancies between Table 6 and 
Table 12. Seedling transplants of Echinacea pallida, Liatris pycnostachya 
and Silphium laciniatum also responded in similar fashion. 
The appearance of seedlings one full year after planting of the 
seeds suggests reasonable longevity in soil. In the 1966 field trials 
well over one-half of the species with seedlings the second year were 
found in the spring planted treatments. It is likely that many of these 
seeds reverted to secondary dormancy (Mayer and Poljakoff-Mayber 1963) 
because of the dry conditions at the time of the planting. More informa­
tion is needed on the behavior of stratified seeds being placed in low 
moisture conditions. 
The effect of stratification on seedling development has been noted 
(Mayer and Poljakoff-Mayber 1963), but the phenomenon has not been 
studied in prairie plants. It would appear that the phenomenon might be 
fairly widespread among prairie species since it occurred in several 
unrelated genera (Figures 8 and 9). 
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The effect of competition on seedling establishment is most evident 
in the 1965 field studies in which a wide range of competition treatments 
from weed-free to heavy cover crop were used. These observations, along 
with the average percent establishment per plot presented in Table 5 
show the weed-free treatment had the greatest establishment, the weedy 
treatment less establishment, and the cover crop treatment the least 
establishment. Two notable exceptions are Liatris pycnostachya and 
Petalostemon candidum which had higher establishment in the weedy rather 
than the weed-free treatment. 
The effect of cover crop in the two field trials was contradictory 
with a smaller percentage of plants being established in the 1965 trials 
and a larger percentage in 1966 when compared with their respective 
weedy treatments. The difference is that in the 1965 trials the cover 
crop was already established and several inches tall at the time of 
planting while the cover crop in the 1966 trials was surface sown im­
mediately after planting the prairie species. 
The effect of cover crop in the I960 trials appears to increase 
the number of plants established over weedy treatments but to limit height 
and flowering below that of weedy treatments. Thus the fall-weedy treat­
ment produced the. tallest plants and the most flowering but limited the 
number of individuals and species established. 
Flowering is also greatly influenced by competition. During the 
first season in the 1965 field trials only Dalea alopecuroides, an annual, 
flowered in all competition treatments. In the weed-free treatment 9 of 
23 species flowered. All but one of these species were perennials, yet 
95 
were able to produce flowers during the first growing season when there 
was limited competition. 
Flowering during the second summer was more extensive, in all treat­
ments. In addition to Dalea alopacuroides, six other species produced 
flowers in the weedy and cover crop treatments. Elymus canadensis, 
Ratibida pinnata, Echinacea pallida, and Silphium laciniatum produced 
extensive vegetative growth in all plots where present. 
Root excavations of the weed-free and weedy treatments in the 1965 
field trials made near end of the second growing season revealed great 
differences between the root systems of all species in the two treat­
ments. Root systems showed much the same reactions to competition as 
aerial parts and flowering, being restricted by competition. The ex­
tensive top growth of species such as Elymus canadensis was reflected in 
their root systems which were relatively more developed in the weedy 
treatment than less vigorous species. 
Season of planting X species interaction was highly significant 
(Table 7). Therefore, any single recommendation on planting time would 
have to take into consideration the species involved. For example, 
Kuhnia eupatorioides established a much higher percentage of individuals 
in the spring planting while Phlox pilosa was much more prominent in the 
fall planting (Table 6). For the species included in the 1966 field 
trials the fall-cover crop treatment appears to be a suitable compromise 
producing more individuals of most species and some first year flowering. 
The results of the experiment in which seeds were planted in single 
species plots and in a mixture show there is no significant difference 
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in numbers of plants established in the two treatments. It is reasonable 
to assume that establishment behavior, at least of the species used in 
this trial, is similar in single species plots and in mixtures, and 
Information on numbers of plants established in single species plots 
can be extended to mixtures also. In succeeding years more intraspecific 
competition may be present in the individual plot treatment but it was 
not apparent during the first growing season. 
Fewer species were established when seeds were broadcast on to 
ashes of burned plant material than when seeds are planted into culti­
vated soil. This is undoubtedly due to differences in covering of the 
seeds and the resulting differences in water relations. Several species 
which established well in other 1966 spring plantings were prominent. 
Kuhnia eupatorioides. which was present in the mixture treatment was 
conspicuously absent in the single species treatment. This probably was 
due to the location of the single species plot in a slight depression 
in which water flowed during heavy rains shortly after seeding. As was 
true in the mixture-individual plot experiment, no great differences 
were apparent between numbers of individuals or species present when 
seeded in a mixture and when seeded in single species plots. However, 
no direct comparisons of the two experiments can be made because burning 
and planting method are confounded. 
Sod Transplants 
The sod transplant method appears to be very successful in establish­
ing many prairie species. The data shown in Tables 13 and 14 are not 
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amenable to rigorous statistical analysis for a number of reasons. No 
record was made of all species in the sod at the time it was cut because 
transplanting was done 1) early in the growing season before all species 
had resumed growth, or 2) late when all aerial herbaceous growth was 
dead. Thus it was impossible to document species which were present in 
the sod transplants but which did not survive the transplanting. Pre-
location and recording of species in sods to be cut was not practical 
because the cutter could not be placed precisely when cutting the sod 
transplant. 
Comparison of height and flowering can be made generally despite 
the many sources of variation between sod transplants containing a com­
mon species. One source of variation, transplant depth, was largely a 
function of the density and species of grasses in the sod and varied 
from 7 to 20 cm. Other factors producing variation were differences in 
age and vigor of plants of the same species and differences in competi­
tion with other plants in the sods. Based mostly on the 1965 trans­
plants, placing sods in cultivated plots is much less strenuous on the 
prairie species than in Bromus sod. The contrast in plant height and 
flowering between the two sites in 1966 and survival of the winter of 
1967 (Table 13) is very striking. In 1966, all sod transplants were set 
in Bromus sod and the cultivation treatment ware much less extensive than 
in the 1965 transplants. Accordingly, differences in height and flower­
ing between sod and cultivation treatments were less definite than in 
the 1965 transplants. Differences were more apparenc in the spring of 
1967 when flowering data rather than presence is considered showing 350% 
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more flowering in the cultivated transplants. The use of presence (fre­
quency) as an indication of change is less sensitive than other measures 
of dominance (Kucera and Koelling 1964). Therefore, flowering, a very 
sensitive measure of vigor (Braun-Blanquet 1932), seems appropriate as 
an index of response to various treatments. 
When sod transplants are placed in cultivated soil the already 
established plants in the transplant are able to dominate the weedy 
species establishing from seed. When transplants are placed in competi­
tion with such vigorous perennial species as Bromus inermis the trans­
planted species with restricted root systems are at a distinct disadvan­
tage. The spread of several species in the 1965 transplants placed in 
the cultivated plots vs. the absence of spread in the Bromus plot gives 
a striking comparison of the two treatments. 
Species behavior in sod transplants can be associated with root 
system types (Weaver 1958). Those species which have spread extensively 
such as Aster ericoides, Helianthus grosseserratus. H. laetiflorus, and 
Solidago rigida are typified by producing rhizomes. Echinacea pallida 
and Silphium laciniatum both have deep unbranched root systems but ap­
parently can survive transplanting due to water absorbing capacity in 
the upper part of the root system. Lespedeza capitata and Petalostemon 
purpureum, with little absorptive capacity near the soil surface, 
established only in two transplants. However, they were widely scattered 
on the donor sites, and this could also account for their lack of establish­
ment. 
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Differences due to spring and fall transplanting are difficult to 
interpret because somewhat different areas were used as sources of 
plants in the two seasons. This was particularly true of the Boone site 
where most of the fall sods were taken from a low area and the spring 
sods were taken from an upland site. For this reason, the greater 
number of species established in the fall is probably more a reflection 
of site rather than season. A comparison of plant height shows somewhat 
more vigorous plants in the fall transplants. Helianthus laetiflorus 
and Phlox pilosa flowered consistently in fall transplants but only 
occasionally in spring transplants. 
About 2.5 prairie species per sod were established in the 1966 
transplants. The Ames site was poorer in species, and a comparison of 
the sods from the two sites reveals about 3.3 species per transplant 
for the Boone site and 1.7 for the Ames transplants. However, most of 
the sods from the Ames site contained one or more species of unidenti­
fied and uncounted Carex which partly explains its low number"of species 
per transplant. 
This method of establishment of prairie species will find its 
greatest application where an existing prairie remnant is being des­
troyed. Removal of large numbers of sods from existing prairies would 
greatly increase the opportunity for introduced weedy species to become 
established. For large scale salvage of prairie remnants, sod strips cut 
with a tractor-mounted blade held several inches below the level of the 
ground such as a root pruner used in nursery work would probably be 
toward C. Greene Mfg. Co., Portland, New York. 
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satisfactory. In this case the strips could be cut into convenient 
lengths and loaded mechanically for transfer to the new site. Sod 
transplanting is most successful into cultivated soil. However, placing 
sods in plots seeded to prairie grasses the same or the previous year 
would probably be equally successful. 
Seedling Transplants 
Although labor requirements are high the use of seedling trans­
plants appears to be a feasible method of establishment of many prairie 
species. Even in competition with Poa pratensis and several weedy 
species, most prairie species persisted and several flowered in the 1965 
transplants. Undoubtedly 1956 transplants set in Bromus inermis sod 
will be under greater stress unless competition is reduced. 
Each of the two types of containers was satisfactory for setting 
out seedlings. The use of plastic bags requires more space iji the green­
house and more labor in setting out, but provides a greater rooting 
depth. The advantages of the greater rooting depth cannot be tested in 
this study because different container types were confounded with time 
and location of transplanting. 
It is probable that seedling transplants set into cultivated plots 
would behave much like sod transplants in having more growth and flower­
ing than when set in sod. Incidental observations were made of several 
clumps of seedlings transplanted in late June 1965 from the 1965' 
germination flats into a cultivated plot seeded to winter wheat. All 
species transplanted including Andropogon scoparius, Elymus canadensis, 
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Aster ericoides, Echinacea pallida, Liatris aspera, L. pycnostachya, 
Ratibida pinnata, Solidago rigida, and Asclepias verticellata flowered 
in 1966. 
Prairie Establishment Recommendations 
Based upon the results of this study the following group of species 
are recommended for seeding having germinated consistently, if not 
abundantly, and persisted in most treatments. 
Compositae 
Cirsium flodmanii 
Echinacea pallida 
Helianthus grosseserratus 
Helianthus laetiflorus 
Heliopsis helianthoides 
Kuhnia eupatorioides 
Liatris aspera 
Liatris pycnostachya 
Parthenium integrifolium 
Ratibida pinnata 
Rudbeckia hirta 
Silphium laciniatum 
Solidago rigida 
Graminae 
Andropogon gerardi 
Andropogon scoparius 
Elymus canadensis 
Sorghastrum nutans 
Sporobolus asper 
lasgurnxnosae 
Astragalus crassicarpus 
Baptisia leucantha 
Desmodium canadense 
Desmodium illinoense 
Lespedeza capitata 
Petalostemon candidum 
Petalostemon purpureum 
Others 
Asclepias sullivantii 
Eryngium yuccifolium 
Euphorbia corollata 
Phlox pilosa 
Rosa suffulta 
Zizia aurea 
The seed mixture should be seeded in the late fall or early spring 
into a cultivated seed bed, covered with soil, and compacted. If planted 
in the spring, the seed mixture should be stratified for one to three 
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months. Germination and establishment percentages for each species can 
be used to approximate the density desired. The use of a cover crop is _ 
not yet well enough defined to recommend its inclusion or exclusion. 
Sod and seedling transplants can best be used to enrich existing 
prairie where species introduction is desired. Many species in sod 
transplants appear to withstand strenuous competition. More research 
is needed to determine amplitude of conditions in which seedling trans­
plants can be used successfully. 
Discussion Summary 
The relationship between establishment from seed and prairie composi­
tion might appear to be a moot question in light of the fact that almost 
all prairie species are perennial (Weaver 1954b). The work of Steiger 
(1930) and Blake (1935) attest to the absence of seedlings in intact 
prairie. However, where disturbances such as digging by rodents, fire, 
or drought occur, the production of seedlings becomes very extensive and 
may influence recovery considerably. 
The potential for seedling establishment is always present because 
many seeds are present in prairie soil but do not germinate (Blake 1935; 
Weaver and Mueller 1942). The annual production of seeds replenishes 
the supply as seeds from previous years die or are eaten. In the present 
study several species, especially Baptisia leucantha, Echinacea pallida, 
Rosa suffulta, and Silphium laciniatum germinated the second year after 
planting, 
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The use of groups of 50 seeds to determine germination and establish­
ment behavior appears to be misleading in some cases when attempting to 
relate establishment to field behavior. Some species such as Gentiana 
puberula and Keuchera r.ichardsonii produce many tiny seeds per plant and 
a sample of 50 seeds is a very small portion of the total production. 
With a great many seeds produced a very small germination percentage, not 
detectable with 50 seeds, might still produce a great many seedlings. A 
more realistic approach to seedling establishment comparisons would be 
to calculate them on the basis of number of seeds of the species in ques­
tion which were produced per unit area and compare this to the number 
of seedlings produced in the same area. This would put Gentiana puberula 
with its many thousands of seeds per plant on equal basis with Echinacea 
pallida with less than 50 seeds per plant. 
Shimek (1925) identified a group of prairie species as "prairie 
weeds", capable of taking advantage of disturbed sites. Of this group 
Helianthus grosseserratus, H. laetiflorus, and Solidago rigida were 
included in the present study. However, many other species studied also 
have relatively high germination and establishment capabilities and would 
be expected to be prominent in areas where disturbance has taken place. 
The fact that many of these species ware present on railroad rights-of-
way reinforces the idea that they are important in recovery from dis­
turbance. Furthermore, Harper (1965) points out that any successful 
plant species must be an invader under certain circumstances. 
The behavior of most species in relation to disturbance remains to 
be worked out. Even where information is available, many problems exist. 
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For instance. Silphium laciniaturn was classified by Weaver (1954b.) as 
an "increaser" under grazing, a form of disturbance. The present study 
and that of Greene and Curtis (1950) shows S_. laciniatum to be capable 
of very high germination which is consistent with Weaver's classification. 
Yet Gould (1941) found laciniatum largely restricted to original prai­
rie sites in Dane County, Wisconsin. A very unbecoming performance for 
an "increaser" species. 
The relationship between seedling establishment and fire have not 
been clarified. Casual observations indicate that many seedlings are 
produced, especially the second year following burning. Also, the failure 
of a large part of the prairie flora to invade adjoining abandoned land 
presents a problem which has not been well studied from an experimental 
point of view. 
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CONCLUSIONS 
1. This research is the first extensive report of germination for 
prairie species in Iowa. One-third of the 75 species germinated have 
not been previously reported in the germination trials of Blake (1935), 
Tolstead (1941), and Greene and Curtis (1950). 
2. Germination percentages in the three major families in the prairie 
flora are widely variable in the Gramineae (0.0-78.0%; average, 20.0%), 
generally high in the Compositae (4.0-96.0%; average, 32.2%) and quite 
low in the Leguminosae (0.0-26.0%; average, 9.6%). 
3. Lack of germination may be due to dormancy or incompletely 
developed seeds. In the present study Polygala sanguinea failed to germin­
ate after extensive trials involving stratification and scarification. 
Seed collections of Coreopsis palmata, and Lactuca pulchella failed to 
germinate because of incompletely developed seeds. 
4. Many prairie species can be established by seeding in weedy 
and cover crop treatments. After one year, individuals of 42 of 65 
species (64.6%) were present in various plantings. 
5. Competition from weeds is less severe than from cover crop in 
limiting number of species establishing. After one year in the heavy 
cover crop treatment 37.5% of the species were present while 62% were 
present in the weedy treatment. When a light cover crop was compared 
with a weedy treatment 47.5% of the species were present in the cover 
crop treatment and 52.5% were present in the weedy treatment. 
6. The effect of cover crop on percentage establishment depends on 
cover crop density. Establishment in a heavy cover crop treatment was 
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7% and 13% in a weedy treatment. In another experiment when light cover 
crop was compared with a weedy treatment, establishment was 7.4% in the 
cover crop and 6.5% in the weedy treatment. 
7. Several species are greatly influenced by season of planting. 
Species favoring fall planting are Phlox pilosa and Zizia aurea. Species 
favored by spring planting are Helianthus grosseserratus, H. laetiflorus, 
Helioosis helianthoides, Kuhnia eupatorioides, Parthenium integrifolium, 
Rudbeckia subtomentosa, Desmodium illinoense, and Asclepias sullivantii. 
8. A few vigorous species can be established by broadcasting into 
ashes of burned plant material. Species are Heliathus srosseserratus, 
H. laetiflorus , Heliopsis helianthoides , Kuhnia eupatorioides, Solidago 
rigida, Desmodium illinoense, and Monarda fistulosa. 
9. A number of species are vigorous competitors with weeds and 
cover crop. These species are Slymus canadensis, Echinacea pallida, 
Heliathus grosseserratus, H. laetiflorus, Heliopsis helianthoides, 
Ratibida pinnata, Silphium laciniatum, and Solidago rigida. 
10. Many prairie species can survive fall or spring transplanting 
in sods 25 cm in diameter and 10-20 cm deep. Forty-two species are 
identified in this study. 
11. Competition greatly affects vigor of species in sod transplants. 
When comparing 14 species present in transplants set in both a cultivated 
and a Bromus sod plot, after 2 years, all species were present in the 
cultivated plot, 11 had flowered and 5 had spread. In the Bromus plot 9 
species had died, 2 had flowered and none had spread. 
12. Many prairie species can be established by transplanting 
106b 
seedlings. In this study 48 out of 52 species successfully over­
wintered. 
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APPENDIX 
Table 17. Seed collection sites^ 
Species Location Collection date 
Andropogon gerardi Boone Railroad Prairie Oct. 1964 
Andropogon scoparius Boone Railroad Prairie Oct. 1954 
Elymus canadensis Boone Railroad Prairie Oct. 1964 
Panicum virgatum Roland Railroad Prairie Oct. 1954 
Sorghastrum nutans Boone Railroad Prairie Oct. 1964 
Spartina pectinata Roland Railroad Prairie Oct. 1964 
Sporobolus asper Roland Railroad Prairie Oct. 1954 
Sporobolus heterolepis Boone Railroad Prairie Oct. 1964 
Stipa spartea Boone Railroad Prairie 
by Dr. Roger Landers 
2 July, 1954 
Aster ericoides Boone Railroad Prairie 
Ames H. S. Prairie 21 
Oct. 
Oct. 
1964 
1955 
Aster laevis Ames H. S. Prairie 21 Oct. 1965 
Aster sericeus Anes E. S. Prairie 21 Oct. 1965 
Cirsium flodmanii Cay1er Prairie 3 Aug. 1965 
Coreopsis palmata Floete Prairie 26 Aug. 1965 
Echinacea pallida Boone Railroad Prairie 
Boone Railroad Prairie 17 
Oct. 
Oct. 
1964 
1965 
Kelianthus grosseserratus Boone Railroad Prairie 17 Oct. 1965 
Helianthus laetiflorus Dows Railroad Prairie 30 Oct. 1965 
by Mr. Glenn Kaiser 
^Detailed descriptions of site locations are provided at the end 
of the list. 
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Table 17. (Continued) 
Species ' ~ Location Collection date 
Heliopsis helianthoides Cayler Prairie 3 Aug. 1965 
Hieracium umbellaturn Hayden Prairie 6 Sept. 1965 
Kuhnia eupatorioides Ames H. S. Prairie 10 Oct. 1965 
Liatris aspera Boone Railroad Prairie 
Ames H. S. Prairie 21 
Oct. 
Oct, 
1964 
1965 
Liatris pycnostachya Boone Railroad Prairie 
Whittamore RS Prairie 7 
Oct. 
Oct. 
1964 
1965 
Parthenium integrifolium Hayden Prairie 6 Sept. 1965 
Ratibida pinnata Boone Railroad Prairie 
Black•s Prairie 24 
Oct. 
Sept. 
1964 
1965 
Rudbeckia hirta Hayden Prairie 6 Sept. 1965 
Rudbeckia subtomentosa Conrad's Bog 29 Oct. 1965 
Silphium integrifolium U of Wise. Arboretum 9 Sept. 1965 
Silphium laciniaturn Boone Railroad 
Boone Railroad 
Prairie 
Prairie 17 
Oct. 
Oct. 
1964 
1965 
Solidago canadensis Boone Railroad Prairie 17 Oct. . 1965. 
Solidago rigida Boone Railroad 
Boone Railroad 
Prairie 
Prairie 17 
Oct. 
Oct. 
1964 
1965 
Amorpha canescens Cayler Prairie 26 Aug. 1965 
Amorpha fruticosa ÏSU Campus 5 Oct. 1965 
Astragalus agrestis Cayler Prairie 26 Aug. 1965 
Astragalus canadensis Cayler Prairie 26 Aug. 1965 
Astragalus crassicarpus Cayler Prairie 3 Aug. 1965 
Baptisia leucantha Huxley, Iowa 
I. C. RR, Mitchell, Iowa 23 
fall 
Aug. 
1964 
1965 
Baptisia leucophaea Hayden Prairie 28 Oct. 1965 
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Table 17. (Continued) 
Species Location Collection Date 
Dalea alopecuroides Huxley, Iowa 
Ash Ave. Expl. Plots 17 
fall 
Oct. 
1964 
1965 
Desmodium canadense Huxley, lovTa 
Dry Prairie 8 
fall 
Aug. 
1964 
1965 
Dasmodium illinoense Ames H. S. Prairie 
U of Wise. Arboretum 9 
Sept. 
Sept. 
1965 
1965 
Glycyrrhiza lepidota Cayler Prairie 26 Aug. 1965 
Lathyrus venosus Woodley Prairie 28 July 1965 
Lespedexa capitata Huxley, Iowa 
Ames E. S. Prairie 10 
fall 
Oct. 
1964 
1965 
Lespedeza leptostachya Huxley, Iowa fall 1964 
Petalostemon candidua Ames H. S. Prairie 
by Dr. D. K. Wemple 
Cayler Prairie 26 
fall 
Aug. 
1962 
1965 
Petaiostenon purpureun Anes H. S. Prairie 
by Dr. D. K. Wemple 
Cayler Prairie 26 
fall 
Aug. 
1962 
1965 
Anemone canadensis Woodlay Prairie 28 July • 1965 
Anemone cylindrica Boone Railroad Prairie 
Cayler Prairie 26 
Oct. 
July 
1964 
1965 
Asclepias sullivantii I-Jhittamore SU Prairie 2 Oct. 1965 
Asclepias tuberosa Black's Prairie 18 Sept. 1965 
Asclepias verticellata Roland Prairie Oct. 1964 
Caanothus americanus Cemetery, Mitchell Co. 26 Sept. 1965 
Cicuta maculata Cayler Prairie 3 Aug. 1965 
Delphinium virescens Cayler Prairie 8 Aug. 1965 
117 
Table 17. (Continued) 
Species Location Collection date 
Dodecatheon meadia Hayden Prairie 28 Aug. 1965 
Eryngium yuccifolium Boone Railroad Prairie 
Boone Railroad Prairie 17 
Oct. 
Oct. 
1964 
1965 
Euphorbia corollata Melvin Lindley farm 25 Sept. 1965 
Galium boreale Cayler Prairie 3 Aug. 1965 
Gentiana puberula Conrad's Bog Oct. 1964 
Geum triflorum Hayden Prairie 17 June 1965 
He lianthemum beckne1lii Hayden Prairie 28 Aug. 1965 
Heuchera richardsonii Woodley Prairie 26 July 1965 
Iris shrevei Superior Twp., Dickinson 
by Dr. Roger Landers 
3 Aug. 1965 
Linum sulcatum Dry prairie 8 Aug. 1965 
Lithospermum canescens Hayden Prairie 11 July 1965 
Monarda fistulosa Ames H. S. Prairie 10 Oct. 1965 
Onosmodium occidentale Cayler Prairie 27 July 1965 
Pedicularis canadensis Sheeder Prairie 16 June 1965 
Phlox pilosa Woodley Prairie 28 July 1965 
Polygala sanguinea Hayden Prairie 6 Sept. 1965 
Potentilla arguta Ames H. S. Prairie 
Dry prairie 8 
fall 
Aug. 
1964 
1965 
Rosa suffulta Boone Railroad Prairie 
Boone Railroad Prairie 17 
Oct. 
Oct. 
1964 
1965 
Thalictrum dasycarpum Cayler Prairie 26 Aug. 1965 
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Table 17. (Continued) 
Species Location Collection Date 
Veronicastrum virginicum Kayden Prairie 5 Sept. 1965 
Yucca glauca Uestfield T\fp. , Pljuiouth Co. 12 Aug. 1965 
by Dr. Roger Landers 
Zizia aurea Cay1er Prairie 26 Aug. 1965 
Collection site locations 
Ames High School Prairie, Ames, Zowa 
Ash Avenue Experimental Plots, . : s, Iowa 
Aspen bog, Marshall County, I-
Black's Prairie, Story Coun^;;-^ Iowa 
Boone Railroad Prairie, Boone County, lovja 
Cay1er Prairie, Dickinson County, Iowa 
Cemetery, Mitchell County, Iowa 
Dows Railroad Prairie, Wright County, Io\i7a 
Dry prairie, Dickinson County, Iowa 
Floete Prairie, Dickinson County, Iowa 
Hayden Prairie, Howard County, lo^ra. 
Huxley, Story County, Iowa. Grown in the 
t-7ild flower garden of Mr. Sy Angstrom. 
Illinois Central Railroad Prairie, Mitchell 
County, lo^va 
Sec. 34, T-84N, R-24W 
Sac. 9, T-83N, R-24W 
Sec. 11, T-84N, R-19W 
Sec. 28, T-83N, R-24W 
Sec. 30, T-84&, R-25I-J 
Sec. 17, T-99N, R-37W 
Sec. 23, T-IOON, R-ISW 
Sec. 25, T-91N, R-23W 
Sec. 16, T-99N, R-37W 
Sec. 26, T-99N, R-37W 
Sec. 33, T-1005, R-13W 
Sec. 8, T-9SN, R-17W 
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Table 17. (Continued) 
Species Location Collection date 
Collection site locations (continued) 
Iowa State University Campus, Ames, 
Story County, Iowa Sec. 4, T-84N, R-24W 
Kalsow Prairie, Pocahontas County, Iowa Sec. 36, T-90N, R-32W 
Melvin Lindley farm, Mitchell County, Iowa Sec. 32, T-IOON, R-17W 
Roland Railroad Prairie, Story County, Iowa Sec. 18, T-85N, R-22W 
Sheeder Prairie, Guthrie County, Iowa Sec. 33, T-80N, R-32W 
Superior Township, Dickinson County, Iowa 
University of Wisconsin Arboretum, Madison, 
Wisconsin 
Westfield Township, Plymouth County, Iowa 
Whittamore Prairie, Kossouth County, Iowa Sec. 6, T-95N, R-30W 
Woodley Prairie, Dickinson County, Iowa Sec. 32, T-99N, R-36W 
